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PREFACE 


The present tendency in secondary education i^ a^vay 
from the formal technical completion ot separate su])jects 
and toward the dev'cloping of a workable training in the 
activities that relate the pupil to his own life. In the 
natural science field, the tendency is to attach less im- 
•jjortance to botany and zoology and {)hysiology as such, 
and to lay greater stress on the processes and adaptations 
of life as expressed in plants and animals and men. This 
tendency is a revolt against the laboratory method and 
research method of the college as it has been impressed 
into the common schools, for it is not uncommon for the 
pupil to study botany without really knowing plants, or 
physiology without knowing himself. Education that is 
not applicable, that does not put the pupil into touch with 
the living knowledge and the affairs of his time, may be 
of less educative value than the learning of a trade in a 
shop. We are coming to learn that the ideals and the 
abilities should be developed out of the common surround- 
ings and affairs of life rather than imposed on the pupil 
as a matter of abstract, unrelated theory. 

One of the marks of this new tendency in education 
is the introduction of unit courses in biology in the sec- 
ondary schools, in the place of the formal and often dry 
and nearly meaningless isolated courses in botany, zoology, 
and phy.siology. This result is one of the outcomes of the 
recent nature-study di.scussions. 

The present volume is an effort to meet the need for 
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a simple and untechnical text to cover this secondary 
biology in its elementary phases. The book stands be- 
tween the unorganized nature-study of the intermediate 
grades and the formal science of the more advanced 
courses. It is a difficult space to bridge, partly because 
the subjects are so diverse, and partly because some 
teachers do not yet understand the importance of im- 
parting to beginners a general rather than a special 
view point. 

Still another difficulty is the lack of uniformity in the 
practice of different schools. It is not urged that it is 
desirable to have uniformity in all respects, but the lack 
of it makes it difficult to prepare a book that shall equally 
meet all needs. It is hoped, however, that the present 
book is fairly adaptable to a variety of conditions, and 
with this thought in mind the following suggestions are 
made as to its use : 

Being in three separate parts, the teacher may begin 
with plants, or with animals, or with human physiology. 

If a one-year course is desired, the topics that are 
printed in large type in Parts II and III may be used, 
and a choice from the chapters in Part I. 

For three half-year courses, all the parts may^»be cov- 
ered in full. 

If the course in biology begins in the fall (with the 
school year), it may be well to study plant biology two 
days in the week and animal biology three days until 
midwinter ; when outdoor material becomes scarce, human 
biology may be followed five days in the week ; in spring, 
plants may be studied three days and animals two days. 

If the use of the book is begun at midyear, it will prob- 
ably be better to follow the order in the book consecu- 
tively. 
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If it is desired to take only a part cf the plant biology, 
Chapters VI, XIV, XX, XXIII, XXIV may be omitted, 
and also perhaps parts of other chapters (as of X, XII, 
XIII) if the time is very short. The important point is 
to give the pupil a rational conception of what plants are 
and of their main activities ; therefore, the parts that deal 
with the underlying lite processes and the relation of the 
plant to its surroundings should not be omitted. 

If more work is wanted it is best to provide the extra 
work by means of the study of a greater abundance of 
specimens rather than by the addition of more textr^ ; but 
the teacher must be careful not to introduce too much 
detail until the general subject has first been covered. 

The value of biology study lies in the work with the 
actual things themselves. It is not possible to provide 
specimens for every point in the work, nor is it always 
desirable to do so; for the beginning pupil may not be 
able to interest himself in the objects, and he may become 
immersed in details before he has arrived at any general 
view or reason of the subject. Great care must be exer- 
cised that the pupil is not swamped. Mere book work or 
memory stuffing is useless, and it may dwarf or divert 
the sympathies of active young minds. 

Every effort should be made to ai)ply the lessons to 
daily life. The very reason for knowing plants and ani- 
mals is that one may live with them, and the reason for 
knowing oneself is that he may live his daily life with 
some degree of intelligence. The teacher should not be 
afraid to make all teaching useful and practical. 

In many cases a state syllabus designates just what 
subjects shall be covered ; the topics may be chosen easily 
from the text, and the order of them is usually left largely 
to the discretion of the teacher. 



viii 


PREFACE 


Finally, let it be repeated that it is much better for the 
beginning pupil to acquire a real conception of a few 
central principles and points of view respecting common 
forms that will enable him to tie his knowledge together 
and organize it and apply it, than to familiarize himself 
with any number of mere facts about the lower forms of 
life which, at the best, he can know only indirectly and 
remotely. If the pupil wishes to go farther in later years, 
he may then take up special groups and phases. 
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PRELIMINARY EXPERIMENTS 

,« 

These experiments are ii^serted for those pupils who have not 
had instruction in chemistry and physics, to give them a point of 
view on the subjects that follow. At least a general understanding 
of some of these subjects is necessary to a satisfactory elementary 
study of biology. 

m 

Elements and Compounds. — The material world is made 
up bf elements and compounds. An element is a sub- 
stance that cannot be separated into two or more sub- 
stances. A compound is formed by the union of two or 
more elements. All the material or substance of which 
the earth and its inhabitants is composed is formed of the 
chemical elements ; this substance taken all together is 
known as mat ten 

Carbon and iron are examples of elements. Compare a 
bit of charcoal, which is one form of carbon, with a new 
iron nail. Which is brighter.^ Heavier for its size 
Tougher } More brittle } Harder More readily com- 
bustible ? Resistant to change when left exposed to air 
and dampness } There are two other forms of carbon : 
graphite or black lead (used in pencils and stove polish); 
and diamond, which occurs in crystals and is the hardest 
known substance. Iron does not have varied forms like 
carbon. Sulfur is another element. What is its color? 
Has it odor? Taste? Will it dissolve in water? Is it 
heavy or light ? Will it burn ? What is the color of 
the flame ? Of the fumes ? Phosphorus, another element, 

xi 
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burns so readily that it ignites by friction and is used in 
matches. Rub the tip of a match with the finger. What 
is the odor of phosphorus.^ Phosphorus exists in nature 
only in combination with other elements. Lead, tin, silver, 
gold, copper, zinc, nickel, platinum, are elements. 

There are less than eighty known elements ; but the com- 
pounds formed of them are innumerable. Carbon is found 
in all substances formed by the growth of living things. 
That there is carbon in sugar, for example, can easily be 
shown by charring it on a hot shovel or a stove until its 
water is driven off and only charcoal is left. Part of the 
starch in a biscuit remains as charcoal when it has been 
half burned. 

Favorable and Unfavorable Conditions for Evaporation. 

— Pour the same quantity of water (half a glassful) into 
three saucers and two bottles. Place one saucer near a 
hot stove ; place the other two in a cool place, having first 
covered one of them with a dish. Place one of the bottles 
by the stove and the other by the remaining saucers. After 
some hours, examine the saucers and bottles and compare 
and record the results. Explain. State three conditions 
that are favorable to evaporation. State three ways in 
which evaporation may be prevented or decreased^, 

Tests for Acid, Alkaline, and Neutral Substances. — For 
(Kid tests, use sour buttermilk (which contains lactic acid), 
or hydrochloric acid diluted in ten parts water, or strong 
(which contains acetic acid). Has the acid a char- 
acteristic (“ sour’') odor and taste (test it only when very 
dilute)? Rub dilute acid between the fingers; how does 
it feel? Is there any effect on the fingers ? Obtain litmus 
paper at a druggist’s. Dip a strip of red litmus and of 
blue litmus paper into the acid. What result ? 

For alkaline tests, dissolve in a glass of water a spoonful 
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of baking soda or some laundry soan ; or dissolve an inch 
stick of caustic soda in a glass of water. Test odor and 
“ feel ” of last solution as with the acid ; likewise test effect 
of alkaline .solution on red and blue litnius paper. Record 
results. Alkalies are strong examples of a more general 
class of substances called bases, which have the opposite 
effect from acids. 

Test pure water. Has. it odor A taste } Test it w^th 
red and blue litmus paper. Water is a neutral substance ; 
that is, it is neither an acid nor an alkali (or base). 

After making appropriate tests, write ac, al, or ncu after 
each name in the following list (or write in three columns): 
vinegar, soda, saliva, sugar, juice of apple, lemon, and 
other fruits, milk, baking powder, buttermilk, ammonia, 
salt water. 

Pour some of the alkaline solution into a dish, gradually 
add dilute acid (or sour buttermilk), stirring with glass rod 
and testing with litmus until the mixture does not turn red 
litmus blue nor blue litmus red. The acid and alkali are 
then said to have neutralized each other, and the resulting 
substance is called a salt. The salt may be obtained by 
evaporating the water of tiie solution. Most common 
minerals are salts. If the last experiment is tried with 
soda and sour buttermilk, the demonstration will show 
some of the facts involved in bread making with the use 
of these substances. 

Tests for Starch. — Starch turns blue with iodine. The 
color may be driven away by heat, but will return again as 
the temperature lowers. Produce a few cents’ worth of tine- 
ture of iodine and dilute it. Get a half dozen pieces of 
paper and cardboard, al! different, and test each for starch 
by placing it over mouth of bottle and tipping the bottle 
up. It much starch is present, the spot will be blue-black 
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or dark blue ; if little starch, pale blue ; if no starch, brown 
or yellowish. 

Make pastes with wheat flour, potato starch, and corn 
starch. Treat a little of each with a solution of rather 
dilute tincture of iodine. Try grains from crushed rice 
with the same solution. Are they the same color Cut a 
thin section from a potato, treat with iodine and examine 
under the microscope. 

To study Starch Grains. — Mount in cold water a few 
grains of starch from each of the following : potato, wheat, 
arrowroot (buy at drug store), rice, oats, corn. Study under 
microscope the sizes, forms, layers, fissures, and location 
of nuclei, and make a drawing of a few grains of each. 

Test for Grape Sugar. — Make a thick section of a bit of 
the edible part of .a pear and place it in a bath of Fehling’s 
solution. After a few moments boil the liquid containing 
the section for one or two minutes. It will turn to an 
orange color, showing a deposit of an oxid of copper and 
perhaps a little copper in the metallic form. A thin sec- 
tion treated in like manner may be examined under the 
microscope, and the fine particles, precipitated from the 
sugar of the pear, may be clearly seen. {Fehlings solution 
is made by taking one part each of these three solutions 
and two parts of water: (i) Copper sulfate, 9 gra,ms in 
250 cubic centimeters of water; (2) sodium hydroxid, 30 
grams in 250 c.c. water; (3) Rochelle salts, 43 grains in 
250 c.c. water.) 

Test for Nitrogenous Substances, or Proteids. — Put a little 
white of egg into a test tube and heat slowly. What change 
takes place in the egg} Put another part of the white of 
egg into a test tube and add dilute nitric acid. Compare 
the results of the two experiments. White of egg is an ex- 
ample of a proteid ; that is, it is the form of nitrogen most 
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commonly found in plant and anin;?l tissue, and it can be 
formed only life processes.. Do acid and heat harden 
or sotten most substances.’ Either of the above tests 
reveals proteid, if present Does cooking tend to soften 
or toughen lean meat ? 

Another test for proteid is nitric acid, which turns pro- 
teid (and hardly anything else) /e/low, Proteid when 
burned has a characteristic odor; this will be noticed if lean 
meat or cheese is charred in a spoon. The offensive odor 
from decomposing proteid is also characteristic, whether »t 
comes from stale beans, meat, mushroonis, or other things 
tontaining proteid. 

Test for Fats and Oils. — Place a little tallow from a 
candle on unglazcd paper and warm. Hold the paper up 
to the light and examine it. What effect has the fat had 
on the paper ? Place a little starch, sugar, powdered chalk, 
or white of egg on paper and repeat the experiment; is 
the effect the same.^ Place sonic of the tallow in a spoon, 
and heat. Compare the effect of heat on fat and proteid. 
Water also makes paper semi-transparent, but it soon 
evaporates : fat docs not evaporate. 

Another test for fats is to mount a thin section of the 
endosperm of castor-oil seed in water and examine with 
htgh power. Small drops of oil will be cjuite abundant, 
'fcreat the mount with alcanin (henna root in alcohol). 
The drops of oil will stain red. This is a standard test 
for fats and oils. 

To make or liberate Oxygen. — If there is a chemistry 
class in school, one of its members will doubtless be glad 
to prepare some of the gas called oxygen^ and furnish 
several glass jars filled with it to the biology class. If 
it is desired to make oxygen, the following* method may 
be employed : Provide a dry glass flask of three to, four 
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ounces capacity. It should have a glass delivery tube, 
inserted through a one-holed rubber stopper, and so bent 
as to pass under the surface of water contained in a 
deep dish. Fill several pint fruit-jars with water, cover 
with pieces of stiff pasteboard, and turn mouth down- 
wards in the dish of water. From one half to two thirds 
ounce of an equal mixture of potassium chlorate and 
manganese dioxid (procured at drug store) is put in the 
flask and heated by means of a gas or alcohol lamp. 
When the oxygen begins to form, collect some in jars 
by inserting the end of delivery tube under the jars as 
they stand in water. Cauticm : Remove delivery tube 
from water before cooling the flask, to prevent any water 
being drawn back. 

Oxygen and the Air. — The great activity of pure oxygen 
in attacking other substances can be shown by passing 
into a fruit-jar a lighted splinter, a piece of lighted mag- 
nesium ribbon, an old watch spring (or a bit of picture 
wire), the end of which has been dipped in sulfur and 
lighted. About one fifth of the air is oxygen and about 
four fifths is nitrogen and other inactive gases. Pure 
nitrogen will quickly extinguish a lighted splinter thrust 
into it. It is the oxygen in the air that supports all forms 
of burning. Less than one half of one per cent of the 
air is an inactive gas called carbon dioxid, a compound 
of carbon and oxygen. It is formed not only when wood 
or coal is burned, but also by the life processes of animals 
and plants. 

Oxidation. — That something besides wood or coal is 
necessary to a fire can be shown by shutting off entirely 
the draught of a stove. Fire and other forms of combus- 
tion depend on a process called oxidation. This consists 
in the uniting of oxygen with other substances. When 
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wood decays, the carbon in it oxidizi^s (unites with oxygen) 
and cat bon di^^xid gas is formed. When wood burns, the 
oxidation is more rapid. When iron oxidizes, iron rust is 
formed. When hydrogen is 'oxidized, water is formed. 
Kerosene oil contains hydrogen, and water is formed when 
it is burned. Almost every one has noticed th*. cloud of 
moisture which collects on the chirmey when the lamp is 
first lighted. By using a chimney which has been kept 
in a cold place, the moisture becomes apparent ; soon 
the chimney becomes hot and the water no longer collects, 
but it continues to pass into the room as long as the lamp 
burns. Fats also contain hydrogen. Hold a piece of cold 
glass or an inverted tumbler above the flame of a tallow 
candle. Does water collect on it.^ 

Oxidation may be said to be the basis of all life processes 
for this reason : oxidation gives rise to heat and sets free 
energy, and all living things need heat and energy in order 
to grow and live. The heat of animals is very noticeable. 
The oxidation in plants also b)rms a slight amount of heat. 
In both animals and plants oxidation is much slower than 
ir* ordinary fires. That heat is formed even in slow oxida- 
tion is shown b} fires which arise spontaneously in masses 
of decaying material. The rotting of wood is not only 
accompanied by heat but sometimes by light, as when 
fox fire” is emitted. Rub the end of a match on your 
finger in the dark. Explain the result. Strike a match 
and notice the white fumes w'hich rise for an instant. 
These fumes are not ordinary smoke (particles of carbon), 
but they are oxid of phosphorus. Why will water (oxid 
of hydrogen) not burn } Sand is oxid of silicon. Explain 
how throwing sand on a fire puts it out. [See also experi* 
ments with candle and breath, in Introduction to Human 
Biology.] 
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Inorganic and Organic Matter. — Test for Minerals. — 

The earth was once in a molten condition, which would 
have destroyed any combustible material if any had then 
existed. Before plants and animals existed, the earth con- 
sisted mostly of incombustible minerals, known as inorganic 
matter. Substances formed by animals and plants are 
organic matter, so called because built up by organized or 
organ-bearing or living things ; starch is an example, being 
formed in plants. Organic substances are composed chiefly 
of carbon, oxygen, hydrogen, and nitrogen. (See page i 
of '‘Animal Biology.’’) Coal-oil, and all combustible ma- 
terials have their origin in life. Hence, burning to find 
whether there is an incombustible residue is also a test for 
minerals. Meat, bread, oatmeal, bone, wood, may be tested 
for mineral matter by burning in a spoon held over a hot 
fire, or flame of gas or lamp. The substance being tested 
should be burned until all black material (which is organic 
carbon and not a mineral) has disappeared. Any residue 
will be mineral matter. 

Protoplasm. — Inside the cells of plants and animals is 
the living substance, known as protoplasm. It is a struc- 
tureless, nearly or quite colorless, transparent jelly-like 
substance of very complex and unstable composition, 
lughty per cent or more is water ; the remainder is pro- 
teid, fats, oils, sugars, and salts. Protoplaspi has the 
power of groivtli and reproduction ; it can make living sub- 
stance from dead or lifeless substances. It has the power 
of movement within the cell, and it is influenced (or is irrita- 
ble) by heat, light, touch, and other stimuli. When proto- 
plasm dies the organism dies. 

Physics is the science that treats of the properties and 
phenomena (or behavior) of matter or of objects ; as of 
such properties or phenomena or agencies as heat, light, 
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force, electricity, sound, friction, density, weight, and the 
like. 

Chemistry is the science that treats of the composiiion of 
matter. All matter is made up, as we have seen, of ele- 
ments. Very few elements exist in nature in a free or 
uncombined form. The nitrogen and ox v gen of the air 
are the leading unconibiiied elements. 

In order to express the chemical combinations clearly, 
symbols are used to represent each element, and these 
symbols are then combined, to represent the proportions 
of each in the compound. If C stands for carbon and () 
for oxygen, the carbon dioxid might be represented by the 
formula COO. In order to avoid tho repetition of any 
letter, however, a number is used to denote how many 
times the element is taken : thus the formula always used 
for carbon dioxid is CO2. The formula for hydrogen 
oxid, or water, is H2O ; that for starch is N 

stands for nitrogen; P, for phosphorus; K, potassium; 
Fe, iron ; S, sulfur. 

Biology is the science that treats of life ; that is, of all 
knowledge of plants and animals of all kinds. (See page 
I, ‘Minimal Biology.”) 

How A CANDLfi Burns 

Some of the foregoing suggestions may be readily explained 
and illustrated by simple experiments with a burning candle. 
The following directions for such experiments are by G. W. 
Cavanaugh. 

The materials needed for this exercise are : a piece of candle 
about two inches long, a lamp chimney (one with a plain top is 
best), a piece of white crockery or window glass, a piece of fine 
wire about six inches long, a bit of quicklime about half the 
size of an egg, and some matches. All of these, with the possible 
exception of the quicklime, an be obtained in any household. 
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If you perform the experiment requiring the lime, be sure that you 
start with a fresh piece of quick or stone lime, which can be had 
of any lime or cement dealer. During the performance of the 
following simple experiments, the pupil should describe what he 
sees at each step. The questions inserted in the text are offered 
merely as suggestions in the development of the desired ideas. 
The answers are those which it is desired the pupils shall reach 
or confirm by their own observation. 


I. Oxygen 


Light the candle and place it on a piece of blotting 
paper {A). What do you see burning } Is anything burn- 



ing besides the candle ? The answer 
will probably be no.” Let us see. 

Place the lamp chimney over the 
lighted candle, and partly cover the 
top by a piece of stiff paper, as in 
Fig. A. Ask the pupils to observe 
and describe how the flame goes out ; 
i,c, that it is gradually extinguished 
and docs not go out instantly. Why 
did the flame go out } The probable 


rKKiMKNT. thought will be, 

“ Because there was no air.” (If there 
was no air within the chimney, some 
could have entered at the top.) 

Place two [)encils beside the re- 
lighted candle and on them the chim- 
ney (/?). What is the difference be- 
tween the way in which the candle 
burns now and before the chimney 



was placed over it } 
dances about more. 


It flickers, or 
What makes 


//. - Scrn.viNG Air un- 
derneath THE Chim- 
ney, 
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boys and girls feel like dancing aL,out when they go out 
fiomawann schoolroom? What makes the flame dance 
or flicker when the chimney is raised by the pencils? 
Because it gets fresh air imdei the chimney. 

Repeat the first exoerinient, in which the flame grows 
gradually smaller till it is extinguished. Why does the 
flame die out now? Is it really necessary to have Ircsh 
air in order to keej) a flame burning? 

To prove this further, let the candle be relighted. Vhcc 
the chimney over it, now having the top completely closeti 
by a piece of paper. Have ready a lighted splinter or 
match, and just as soon as the candle is extinguished 
remove the paper from tliC chimney top and thrust in the 
lighted splinter. Why does the light on the splinter go 
out? What ])ecamc of the freshness that was in the air ? 
It was destroyed by the burning candle. 

Evidently there is some decided difference l)etween un- 
burned air and burned air, since a flame can continue to 
burn only in air that has the quality known as freshness. 
This quality of fresh air is due to oxygen, represented by O. 
Why was the splinter put out instantly, while the candle 
flame died out gradually? When the splinter was thrust 
in, the air had no freshness or oxygen at all, while when 
the candle was placed under the chimney, it had whatever 
oxygen was originally in the air within the chimney. 

luideavor to have this point clearly understood : that the 
candle did not go out as long as the air had any oxygen 
and that the splinter was extinguished immediately bt cause 
there was no oxygen left. 

Relight the candle. A former question may now be 
repeated : Is anything else burning besides the candle ? 

When the subject of the necessity of fresh air and con- 
sequently of oxygen for the burning of the candle seems 
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to be understood, the following questions, together with 
any others which suggest themselves, may be asked; What 
is the reason that draughts are opened in stoves ? Why is 
the bottom of a ‘‘burner'' on a lamp always full of holes? 

II. Carbon 

Let us now observe the blackened end of a burned match 
or splinter. This black substance is usually known by the 
name of charcoal. If handled, it will blacken the fingers. 
Try this. The same substance is found on the bottoms of 
kettles which have been used over a wood fire, but it is 
there a fine powder. 

Let us see what was burning when the candle was 
lighted, besides the oxygen in the air. Relight the candle 
and hold the porcelain or glass about 
an inch above the bright part of the 
flame. What happens to it there ? 
Next, lower it directly into the flame 
(C), What is the black stuff that 
gets on the glass ? Look closely and 
see whether it is not deposited here 
also as a fine powder. Will this de- 
posit from the candle blacken the 
fingers ? ^ 

Instead of using the name charcoal for this black sub- 
stance, let us call it carbon^ the better name, because 
there are .several kinds of carbon, and charcoal is only 
that kind which is rather light and easily blackens the 
hands. 

The carbon from the candle flame came mostly from the 
wax or tallow ; only a very small part came from the wick. 
It cannot be seen in the tallow, neither can it be seen in 
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unburned wood, and yet it can be fcand when the wood is 
partly barned. 

Why, now, is the glass blackened when held in the flame 
and not when held directly above it? It is because the 
carbon from the candle has not been completely burned 
at the middle ol the flame ; but it is burned beyond the 
bright part of the flame. When th.c glass is held in the 
flame, the carbon that is not yet completely burned is de- 
posited on it, becraise it is cooler than that in the surround- 
ing flame. 

A fine deposit of carbon can be had from any of the 
luminous parts of the flame; and it is these thousands of 
Ifttle particles of carbon, getting white hot, which glow 
like coals in the stove and make the light. Just as soon 
as they are completely burned, there is no more light, as 
coals cease to glow when burned to ashes. 


III. Ca rbon dioxid 

Let us now inouirc what becomes of the carbon that wc 
find in the bright part of the flame and of the oxygen that 
was in the air in ihe lamp chimney. When the candle was 
extingiiiphcd within the chimney, there was no oxygen left, 
as shown by the lighted splinter, which was put out immedi- 
ately. Neither could any of the particles of carbon be 
found except on the wick. Yet they both still exist within 
the chimney, but in an entirely different condition. While 
the candle was burning, the little particles of carbon that 
we find ascending in the flame are joining with the oxygen 
of the air and making an entirely new substance. This 
new substance is a gas and cannot be seen in the air. 

Of what two substances is this new substance made? 
It is COa- 
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Place a bit of quicklime in about half a glass of water 
on the day previous to the experiment. When ready for 
use there will be a white sediment at the bottom and a thin 
white scum on the top of the clear lime- 
water. The pupils should sec this white 
scum, as a question about it will follow. 
Make a loop in the end of the piece of 
wire by turning it around the point of a 
lead pencil. Remove the scum from the 
limewater with a piece of paper and insert 
the loop into the clear water. When 
withdrawn, the loop ought to hold a film 
of clear water. Pass the wire through ^a 
piece of cardboard or stiff paper, and 
arrange as shown in D- 

Place the chimney over the lighted candle. Lower tht 
loop into the chimney and cover the top of the chimney 
with the paper. Withdraw the wire two minutes after the 
candle goes out Note the cloudy appearance of the film 
of water on the wire. The cloudiness was caused by the 
carbon dioxid formed while the candle was burning. 

Omitting the candle, hang the freshly wetted wire in the 
empty chimney. Let the film of limewater remain within 
the chimney for the same length of time as when the can- 
dle was used. It does not become cloudy now. The 
cloudiness in clear limewater is a test or indication that 
carbon dioxid is present. 

What caused the white scum on the limewater which 
stood overnight ? 

How does the CO2 get into the air ? It is formed when- 
ever wood, coal, oil, or gas is burned. 

The amount of CO2 ordinary air is very small, being 
only three parts in ten thousand. If the limewater in the 
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loop be left long enough in the air, it will become cloudy. 
The reason it clouds so quickly when the candle is being 
burned is that a large amount of CO3 is formed. Besides 
being made by real flames, COn is formed every time we 
breathe out air. Renew the film of water in the loop and 
breathe against it gently for two or three mimites. 

The presence of CO2 in the breath may be shown better 
by pouring off seme of the clear limewater into a clean 
glass and blowing into it through a straw. 

Why does water put out a' fire? The answer is, not 
alone because it wets and shuts off the supply of free 
oxygen, but because it cools the carbon, which must be 
hot in order to unite with the oxygen, and prevents the 
oxygen of the air from getting as near the carbon as 
before* 
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CHAPTER I 

THE PRINCIPLES 0? BIOLOGY 

Biology (Greek, bioSy life; logos y discourse) means the 
science of life. It treats of animals and plants. That 
branch of biology which treats of animals is called zoology 
(Gr. zoofiy animal ; logos y discourse). The biological 
science of botany (Gr. botatu\ plant or herb) treats of 
plants. 

Living things arc distinguished from the not living by a 
series of processes, or changes (feeding, growth, develop- 
ment, multiplication, etc.), which together constitute what 
is called life. These processes are called functions. Both 
plants and animals hove certain parts called organs which 
have each a definite work, or function; hence animals and 
plants are said to be organized. Foi example, men and 
most animals have a certain organ (the mouth) for taking 
in nourishment; another (the food tube), for its digestion. 

Because of its organizatumy each animal or plant is said 
to be an organism. Living things constitute the organic 
kingdom. Things without life and not formed by life 
constitute the inorganic, or mineraly kingdom* Mark I for 
inorganic and O for organic after the proper words in this 
list: granite, sugar, lumber, gold, shellac, sand, coal, paper, 
glass, starch, copper, gelatine, cloth, air, potatoes, alcohol, 
oil, clay. Which of these things are used for food byv 
animals } Conclusion } 

B X 
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fenergy in the Organic World. — We see animals exertir 
energy; that is, we see them moving about and doir 
work. Plants are never seen acting that way; yet the 
need energy in order to form their tissues, grow, and rais 
themselves in the air. 


Source of Plant Energy. — We notice that green plan 
thrive only in the light, while animal growth is largely ii 
dependent of light. In fact, in the salt mines of Polan 
there are churches and villages below the ground, an 
children are born, become adults, and live all their live 
below ground, without seeing the sun. (That these peopl 
are not very strong is doubtless due more to want of fres 
air and other causes than want of sunlight.) 








I'lU. 1. — SURFAl'ES OF A LKAF, 
nmgnitWd, 


The need of plants ft 
sunlight shows that the 
must obtain somethm 
from the sun. This ha 
been found to be energy 
This enables them to lij 


their stems in growth, and form the various structure 


called tissues which make up their stems and leaves. (Se 


Part I, Chap. XIII.) It is noticed 
that they take in food and water 
from the soil through their roots, 
p^xperiments also show that green 
plants take in through pores 
(F'ig. i), on the surface of their 
leave.s, a gas composed of carbon 
and oxygen, and called carbon 
dioxid. The energy in the sunlight 
enables the jdant to separate out the 
carbon of the carbon dioxid and 
build mineral and water and carbon 
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linto organic subs'ances. The oxygen of the carbotj <fioxid 
is set free and returns to the air (Fig. 2). Starch, sugar, 
oil, and woody fiber are exaniples of substances thus 
formed. Can yon think of any fuel not due to plants ? 

How Animals obtain Energy. — You have noticed that 
starch, oil, etc., will bum, or oxidize, that is, unite with the 
oxygen of the air; thus the sun’s energy, stored in these 
substances, is changed back to heat and motion. The 
oxidation of oil 01 sugar may occur in a furnace; it may 
also occur in the living substance of the active animal* 



Fk;. 3. -- Colorless plants, as Mi;sn- A (JRKFN i.f.af, even after it Is cut, gives 
ROOMS, give off no oxygen. off oxygen (O) if kept in the sun. 


Fortunately for the animals the plants oxidize very little 
of the substances built up by them, since they do not move 
about nor need to keep themselves warm. We notice that 
animals are constantly using plant substances for food, and 
constantly drawing the air into their bodies. If the sun- 
light had not enabled the green plant to store up these 
substances and set free the oxygen (Fig. 3), animals 
would have no food to eat nor air to breathe; hence we 
may say that the sunlight is indirectly the source of the 
life and energy of animals. Mushrooms and other plants 
without green matter cannot set oxygen free (Fig. 3). 
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Ejcp^tneiit to show the Cause of Buruingi or Oxidation* 

— Obtain a large glass bottle (a pickle jar), a short candle, 
and some matches. Light the candle and put it on a table 
near the edge, and cover it with the glass jar. The flame 
slowly smothers and goes out Why is thls.^ Is the air 
now in the jar different from that which was in it before 
the candle was lighted } Some change must have taken 
place or the candle would continue to burn. To try 
whether the candle will burn again under the jar without 
changing the air, slide the jar to the edge of the table and 
let the candle drop out. Light the candle and slip it up 
into the jar again, the jar being held with its mouth a little 
over the edge of the table to receive the candle (Fig. 5)*' 
The flame goes out at once. Evidently the air in the jar 
is not the same as the air outside. Take up the jar and 
wave it to and fro a few times, so as to remove the old air 
and admit fresh air. The candle now burns in it with as 
bright a flame as at first. So we conclude that the candle 
will not continue to burn unless there is a constant supply 
of fresh air. The gas formed by the burning is carbon 
dioxid. It is the gas from which plants extract carbon. 
(Plant Biology, Chap. XIII.) One test for the presence 
of this gas is that it forms a white, chalky cloud in lime 
water ; another is that it smothers a fire. 

Experiment to show that Animals give off Carbon Dioxid. 

— Place a cardboard over the mouth of a bottle containing 
pure air. Take a long straw, the hollow stem of a weed, 
a glass tube, or a sheet of stiff paper rolled into a tube, 
and pass the tube into the bottle through a hole in the 
cardboard. Without drawing in a deep breath, send one 
long breath into the bottle through the tube, emptying the 
lungs by the breath as nearly as possible (Fig. 4> Next 
invert the bottle on the table as in the former experiment, 
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afterward withdrawing the cai'dikoard. Move the little 
to U»e edge of the table and pass the lighted candle up 
inito: it (Fig. 5). Does the flame go out as quickly as 
in the former experiment ? 

If you breathe through a tube into clear lime water, 
the water turns milky. The effect of the breath on the 
candle and on the lime water shows that carbon dioxid is 
continually leaving our bodies in the breath. 



Fig. 4. — Breathing into a bottle.i Fig. 5. — Testing the air in the bottle.^ 

Oxidation and Deoxidation. — The union of oxygen with 
carbon and other substances, which occurs in fires and 
in the bodies of animals, is called oxidation. The separa- 
tion of the oxygen from carbon such as occurs in the 
leaves of plants is called deoxidation. The first process 
sets energy free, the other process stores it up. Animals 
give off carbon dioxid from their lungs or gills, and plants 
give off oxygen from their leaves. But plants need some 
energy in growing, so oxidation also occurs in plants, but 
to a far less extent than in animals. At night, because 
of the absence of sunlight, no deoxidation is taking place 

^ From Coleman’s " Physiology for Beginn^/’ Macmillati Co., N.Y. 
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in the plant, but oxidation and growth continue; so at 
flight the plant actually breathes out some carbon dioxide 
The deepest part of the lungs contains the most carbon 
dioxid. Why was it necessary to empty the lungs as 
nearly as possible in the experiment with the candle ? Why 
w^ld first drawing a deep breath interfere with the experi- 
ment? Why does closing the draught of a stove, thus 
shutting off part of the air, lessen the burning ? Why does 
a firefly ’’ shine brighter at each breath ? Why is the pulse 
and breathing faster in a fever? Very slow in a trance ? 

The key for understanding any animal is to find how 
it gets food and oxygen, and how it uses the energy 
thus obtained to grow, move, avoid its enemies, and get 
more food. Because it moves, it needs senses to guide it. 

The key for understanding a plant is to find hoiv it gets 
food and sunlight for its growth. It makes little provision 
against enemies ; its food is in reach, so it needs no senses 
to guide it. The plant is built on the plan of having the 
nutritive activities near the surface {eg, absorption by roots ; 
gas exchange in leaves). The animal is built on the plan 
of having its nutritive activities on the inside {e.g. digestion; 
breathing). 

Cell and Protoplasm. — Both plants and animals are 
composed of small parts called cells. Cells are usually 
microscopic in size. They have various shapes, as spheri- 
cal, flat, cylindrical, fiber-like, star-shaped. The living 
substance of cells is called protoplasm. It is a stiff, gluey 
fluid, albuminous in its ruXupe. Every cell has a denser 
spot or Kernel called a nucleus, and in the nucleus is a still 
smaller speck called a nucleolus. Most cells are denser and | 
tougher on the outside, and are said to have a cell wall, | 
but many cells are naked, or without a wall. Hence the 
indispensable part of a cell is not the wall but the nucleus, 



THB FBiNchuES^OF SWkoCY 


7 


and a cell may be defined as a bit i>f protoplasm coHtaimnji 
a nucleus. This definition includes naked cells as well as 
cells ^ith walls. 

One-celled Animals. — There are countless millions of 
animals and plants the existence of which was not sus- 
pected until the invention of the micro- 
scope several centuries ago. They are 
one-celled, and hence microscopic in size. 

It is believed that the large animals and 
plants are descended from one-celled ani- 
mals and plants. In fact, each individual 
plant or animal begins life as a single 
cell, called an egg cell, and forms its 
organs by the subdivision of the egg cell into many cells. 
An egg cell is shown in Fig. 6, and the first stages in the 
development of an egg cell are shown in Fig. 7. 

The animals to be studied in the first chapter are one- 
celled animals. To understand them we must learn how 



Fig. — iigg cell of 
mAmmai with yolk. 





Fig. 7. ~ Egg cell subdivides into many cells forming a sphere (morula) containing 
a liquid. A dimple fornis and deepens to form the next stage (gasirula). 


they eat, breathe, feel, and move. They are called Pro- 
tosoans (Greek prof os ^ first, and zooh\ All other animals 
are composed of many cells and are called Metazoans 
(Greek meta^ beyond or after). The cells composing the 
mucous membrane in man are shown in Fig. 8. The cellu- 
lar structure of the leaf of a many-celled plant is illustrated 
in Fig. I. (See also Chap. I, Human Biology.) 
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Method of Classifying Animals. —r The various anim^Qs 
display differentes more or less marked. The question 
arises, are not some of them more closely related than 
others? We conclude that they are, since the differ- 
ence between some animals is very slight, while the 
difference between others is quite marked. 

To show the different steps in classi- 
fying an animal, we will take an ex- 
ample, — the cow. Even little children 
learn to recognize a cow, although indi- 
vidual cows differ somewhat in form, 
size, color, etc. The varieties of cows, 
such as short-horn, Jersey, etc., all 
form one species of animals, having the 
scientific name tanrus. Let us include 
in a larger group the animals closest 
akin to a cow. We see a cat, a bison, 
and a dog ; rejecting the cat and the 
dog, we see that the bison has horn^^ 
hoofs, and other similarities. We in* 
Fig.8.-~m'ucousMem- elude it with the cow in a genus called 

BRANK formed of one BoSy Calling the qpw ta iirtis. and 

liiyer of cells. A few , 

cells secrete mucus, bison, Bos bison. The sacred cow 

of India (Bos indicus) is so like the 
cow and buffalo as also to belong in the genus Bos. Why 
is not the camel, which, like Bos bison, has a hump, placed 
in the genus Bos ? 

The Old World buffaloes, — most abundant in Africa 
and India, — the antelopes, sheep, goats, and several other 
genera arc placed with the genus Bos in a family called 
|he hollew-kamed animals. 

This family, because of its even number of toes and 
the habit of chewing the cud, resembles the camel family. 
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iUt deer family, ;arid several other families. These are all 
placed together in t^e next higher systematic unit called 
an ^rdeK in this case, the order of ruminants. 

The ruminants, because they are covered with hair 
and nourish the young with milk, are in every essential 
respect related to the one-toed horses, the beasts of 
prey, the apes, etc. Hence they are all placed in a 
more inclusive division of animals, the class called 
mammals. 


All mammals have the skeleton, or support of the 
body, on the inside, the axis of which is called the verte- 
bral column. This feature also belongs to the classes 
of reptiles, amphibians, and fishes. It is therefore 
consistent to unite these classes by a general idea or 
conception into a animals called the 

vertebrates. 

Returning from the general to the particular by succes- 
sive steps, state the b ranc h, class^ o^djer, family, genus, 
and species to which the cow belongs. 

The Eight Branches or Sub-kingdoms. — The simplest 
classification divides the whole animal kingdom into 
eighbj||anches, named and characterized as follows, be- 
ginning*" with the lowest : I. Protozoans. One-celled. 
II. Sponges. Many openings. III. Polyps. Circular; 
cup-like ; having only one opening which is bothlnouth and 
vent IV. Echinoderms. Circular; rough-skinned; two 
openings. V. Mollusks. No skeleton ; usually with ex- 
ternal shell. VI. Vermes. Elongate body, no jointed legs. 
VIL ARtHROPODS. External jointed skeleton; jointed 
legsf VIII. Vertebrates. Internal jointed skeleton with 
axis or backbone.^ 


1 This IS the briefest classthcdtion. Animals have abo been divided into twelve 
branches. 'Fhe naming of animals is somewhat chaotic at 4>reseiit, but an attempt 
to come to an agreement is now being made by zodlogiitts of all nations. 
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PROTOZOA (One-celled Animals) 

The Ameba 

SucxinsTiONS. — Amebas live in the slime found on submerged 
stems and leaves in standing water, or in the ooze at the bottom. 
Water plants may be crowded into a glass dish and allowed to 
decay, and after about two weeks the ameba may be found in 
the brown slime scraped from the plants. An ameba culture 
sometimes lasts only three days. The most abundant supply 
ever used by the writer was from a bottle of water where some 
oats were germinating. Use or inch objective, and covear 
with a thin cover glass. Teachers who object to the 
the compound microscope in a first course should requires a 
most careful study of the figures. 
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Fkj. io.-~Ami;ha. 

C7>, contractile vacuole; 4ft, ecfoplaam; 
eiuiuplusin; nucleus; fs, pseudopod; 
J>s\ pseudopod forming; ectoplasm pro- 
trudes and endoplasm Hows into it. 


Form ‘and Structure. — The ameba (also spelled amoeba) 
looks so much like a clear drop of jelly that a beginner 
cannot be certain that he ^ 

has found one until it moves. Nt a 

It is a speck of protoplasm ps: 

(Fig. 9), with a clear outer 
layer, the ectoplasm ; and a 
granular, internal part, the 
endoplasm. Is there a dis- Wj W llj 

tinct line between them } ^ 

(Fig. 10.) Fi(i. io.-~Ami;ha. 

Note the central portion contractile vacuole; 4ft, ecioplasm; 

. eiuiuplasin; nucleus; pt, pseudopod; 

and the slender prolonga- ps\ pseudopod forming; ectoplasm pro- 
. j ^ j / 1 trudes and endoplasm flows into it. 

tions or pseudopods (Greek, 

false feet). Does the endoplasm extend into the pseudo- 
pods } (Fig. 10.) Are the pseudopods arranged with any 
regularity ? 

Sometimes it is possible to see a denser appearing por- 
tion, called the nucleus ; also a clear space, the contractile 
vacuole (Fig. lo). 

Movements. — Sometimes while the pseudopods are be- 
ing extended and contracted, the central portion remains 

^ in the same place (this is mo- 

tiofi). Usually only one pseudo- 
extended, and the body 
flows into it ; this is locomotion 

Flu, II, — The same ameba seen (Fig. 1 1 ). ThcrC IS a HCW foOt 

at different iimts. made for each step. 

Feeding. — If the ameba crawls near a food particle, the 
pseudopod is pressed against //, or a depression occurs (Fig. 
12 \ and the particle is soon embedded in the endoplasm. 
Often a clear space called a food vacuole is noticed around 
the food particle. This is the water that is taken in with 




Flu, II, — The same ameba seen 
at different limes. 
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Fii;. 12. — rnK 
Ameba tak- 
ing food. 


the particle (Fig. 12). The water "and the 
particle are soon absorbed and assimilated 
by the endoplasm. 

Excretion. — If a particle of sand or other 
indigestible matter is taken in, it is left behind 
as the ameba moves on. There is a clear 
space called the contractile vacuole^ which 
slowly contracts and disappears, then reap- 
pears and expands (Figs. 9 and 10). This 
possibly aids in excreting oxidized or useless 
material. 

! Circulation in the ameba* consists of the 
movement of its protoplasmic particles. It 
lacks special organs of circulation. 

Feeling. — Jarring the glass slide seems to 
be felt, for it causes the activity of the ameba 
to vary. It does not take in for food every 
f)article that it touches. This may be the 
beginning of tastc^ based tipon mere chemical 
affinity. The pseudopods aid in feeling. 

Reproduction. — Sometimes an ameba is seen 
dividing into two parts. A narrowing takes 
place in the middle; the nucleus also divides^ 


a part going to each portion (Fig. 13). The mother ameba 


finally divides into two daughter amebas. Sex is wanting. 


Source of the Amebd’s Energy, — We thus see that the 


ameba moves without feet, eats without a mouth, digests 


without a stomach, feels 
without nerves, and, it 
should also be stated, 
breathes without lungs, 
for oxygen is absorbed 
from the water by its whole 
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surface. ■ Its movements require eneirgy ; this, as in all ani- 
mals, is furnished by the uniting of oxygen with the food. 
Carbon dioxid and other waste products are formed by the 
union ; these pass off at the surface of the ameba and taint 
the water with impurities. 

Questions. — Why will the ameba die in a very small quantity of 
water, even though the water contains enough foocK^ Why will it die 
still quicker if air is excluded from contact with the drop of water? 

The ameba never dies of old age. Can it be said to be immortal? 

According to the definition of a cell {Chapter /), is the ameba a 
unicellular or multicellular animal? 

Cysts. — If the water inhabited by a protozoan dries up, 
it encysts, that is, it forms a tough skin called a cyst 
Upon return of better conditions it breaks the cyst and 
comes out. Encysted protozoans may be blown through 
the air : this explain| their appearance in vessels of water 
containing suitable fbod but previously free from proto- 
zoans. 

The Slipper Animalcule or Paramecium 

Suggestions. — Stagnant water often contains the paramecium as 
well as the ameba ; or they may be found in a dish of water con- 
taining hay or finely cut clover, after the dish has been allowed to 
stand in the sun for several days. A white film forming on the 
surface is a sign of their presence. They may even be seen with 
the unaided eye as tiny white particles by looking through the side 
of the dish or jar. Use at first a | or \ in. objective. Restrict 
their movements by placing cotton fibers beneath the cover glass ; 
then examine with or ^ objective. Otherwise, stufly figures. 

Shape and Structure. — The paramecium’s whole body, 
like the ameba’s, is only one cell. It resembles a slipper 
in skapCy but the pointed end is the Mind end, the front end 
being rounded (Fig. 14), T 4 xe paramecium is propelled 
by the rapid beating of numerous fine, threadlike append- 
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ages on its surface, called cilia (Latin, eyelashes) (Figs.). 
The cilia, like the pseudopods of the ameba, are merely 
prolongations of the cell protoplasm, 
but they are permanent. The sepa- 
ration between the outer ectoplasm 
and the interior granular endoplasm 
is more marked than in the ameba 
(Fig. 14). 

Nucleus and Vacuoles. — There is 
a large nucleus called the macro- 
nucleus, and beside it a 
smaller one called the 
micronucleus. They are 
hard to see. About one 
third of the way from 
each end is a clear, pul- 
sating space (bb. Fig. 

15) called the pulsat- 
ing vacuole. These 
spaces contract until 
they disappear, and then 
reappear, gradually ex- 
panding. Tubes lead from the vacuoles which probably 
serve to keep the contents of the cell in circulation. 

Feeding. — A depression, or groove, is seen on one side, 
this serves as a mouth (Figs.). A tni^e which serves as a 

gullet leads from the 
mouth-groove to the in- 
terior of the cell. The 
mouth-groove is lined 
with cilia which sweep 

^ . food particles inward. 

• Two Para MFCI A exchanging * 

parts oi (har nuclei. . The particles accumulate 


FlO. 14. — PAkAMKCllIM, 
showing cilia, c. 

'I’wo contr.nctilc vacuqles, r?'; 
the macronuclcus, tttg\ 
two tnicrotiuclei, ;///'; the 
g;ullct (</"'), a food hull 
forming unci ten food hulls 
in their course from gullet 
* to vent, Cl, 



Fig. 15. 
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in a mass at the inner end of the gulleti become separated 
from it as a food ball (Fig, 14), and sink into the soft pro- 
toplasm of the body. The food balls 
follow a circular course through the 
endoplasm, keeping near the ectoplasm. 

Reproduction. — This, as in the ameba, 
is by division, the constriction being in 
the middle, and part of the nucleus going 
to each half. Sometimes two individ* 

^ uals come together with their 
mouth-grooves touching and 
exchange parts of their nuclei 
(Fig. 16). They then separate 
and each divides to foim two 
new individuals. 

We thus sec that the para- 
mecium, though of only one 
cell, is a much more complex and advanced 
aiiimal than the ameba. The tiny paddles, 
or cilia, the mouth-groove, etc., have their 
special duties similar to the specialized organs 
of the many-celled animals to be studied later. 

If time and circumstances 



Fig, 17. — VoKTi- 
CEM.A (or bell 
anirijalcule), two 
exttmded, one 
withdrawn. 


Fig. 18.— 
Euglena. 


allow a prolonged study, sev- 
eral additional facts may be 
observed by the pupil, c.g. 
Does the paramecium swim 
with the same end always 
foremost, and same side 
uppermost } Can it move 
backwards } Avoid obsta- 
cles ? Change shape in a 
narrow passage Does refuse 



Fig. 19. —Shell of a Radiolarian 
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matter leave the body at any particular place ? Trace 
movement of the food particles. 

Draw the paramecium. 

Which has more permanent parts, the ameba or para^ 
mecium ? Name two anatomical similarities and three dif- 
ferences ; four functional similarities and three differences. 

The ameba belongs in the class of protozoans called 
Rhizopoda *‘root footed.” 

Other classes of Protozoans are the Infusorians (in the 
broad sense of the term), which have many waving cilia 
(Fig. 17) or one whip-like flagellum (Fig. 18), and the 
ForaminiferSy which possess a calcareous shell pierced with 
holes (Fig. 19). Much chalky limestone has been formed 
of their shells. To which class does the paramecium 
belong? 

Protozoans furnish a large amount of food to the higher 
animals. 

To the Teacher. If plant, animal, and human biology are to be 
given in one year as planned, and full time allowed for practical work, 
the portions of the text in small type, as Chapter III, may be omitted 
or merely read and discussed. Any two of the three parts forming the 
course may be used for a year's course by using all of the text and 
spending more time on practical and field work. 



chapter III 


SPONGES 


Suggestions. — In many parts of the United States, fresh-water 
sponges may, by careful searching, be found growing on rocks and logs 
in clear water. They are brown, creamy, or greenish in color, and re- 
semble more a cushion-like plant than an animal. They have a char- 
acteristic gritty feel. They soon die after removal to an aquarium. 

A number of common small bath sponges may be bought and kept 
for use in studying the skeleton of an ocean sponge. These sponges 


should not have large 
holes in the bottom; if 
so, too much of the 
sponge has been cut 
away. A piece of marine 
sponge preserved in alco- 
hol or formalin may be 
used for showing the 
sponge with its flesh in 
place. Microscopic slides 
may be used for showing 
the spicules. 

The small fresh water 
sponge (Fig. 21) lacks 
the more or less vase- 



like form typical of sponges. It is a rounded mass growing 


upon a rock or log. As indicated by the arrows, where does 



Fig. 32 . — Section of fresh-water sponge 
(enlarged). 


water enter the sponge? This 
may be tested by putting color- 
ing matter in the water near 
the living sponge. Where does 
the water come out? (Fig, 22,) 
Does it pass through ciliated 
chambers in its course ? Is the 
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surface of the sponge rough or smooth? Do any of the skeletal 
spicules show on the surface? (Fig. 21.) Does the sponge thin 
out near its edge? 

The egg of this sponge is shown in Fig. 23. It escapes from 
liie parent sponge through the osculum, or large outlet. As in 

most sponges, the first 
^ stage after the egg is 
z'. ciliated and free-swim- 

Marine Sponges. — 

Fig. 23.-E(;r.s and spiculks of fresh-water ^rantia (Fig. 24) is 

sponge (enUigeci). . i . r 

one of the simplest of 
marine sponges. What is the shape of grantia? What is its length 
and diameter? How does the free end differ from the fixed end? 
Are the spicules projecting from its body few or many? 

Where is the osculum^ or large outlet? With what 
is this surrounded ? The osculum opens from a central 
cavity called the cloaca. The canals from the pores 
lead to the cloaca. 

Buds are sometimes seen growing out from the 
sponge near its base. These are young sponges formed 
asexually. Later they become detached from the 
parent sponge. 

Commercial “ Sponge,” — What part of the complete 
animal remains in the bath sponge? Slow growing 
sponges grow more at the top and form tall, simple, 
tubular or vase-like animals. Fast growing sponges 
grow on all sides at once and form a complicated system of canals, 
pores, and oscula. Which of these habits of growth do you think 
belonged to the bath sponge ? Is there a large 
hole in the base of your specimen ? If so, this 
l^<^cause the cloaca was reached in trimming 
lower part >vhere it was attached to a rock. 
Test the e/asticify of the sponge when dry and 
when wet by squeezing it. Is it softer when wet 
or dry? Is it more elastic when wet or dry? 

Fig. as.— Plan of many oscu/a does your specimen have? 

a sponge. How many inhaient pores to a square inch? 


Fig. 24.— 
Grantia. 


SPONGES 


Using a' probe (a wire with knob at end, or small hat pin), try 
to trace the canals from the pores to the cavities inside. 

Do the fibers of the sponge appear to 
interlace^ ^r join, according to any system? 

Do you see any fringe-like growths o:] the 
surface which show that new tubes are be- 
ginning to form? Was the sponge growing 
faster at the top, on the sides, or near the 
bottom ? 

Burn a bit of the sponge ; from the odor, 
what would you judge of its composition? — But i) Sponge. 

Is the inner cavity more conspicuous in a simple sponge or in a 
compound sponge like the bath sponge? Is the bath sponge 


mi 



Fro. 27. — Bath Sponge. 




Fk;. 28. — Batii Sponge. 


branched or lobed? Compare a number of specimens (Figs. 26, 
27, 28) and decide whether the common sponge has a typical 
shape. What features do their forms 
pos.sess in common? 

Sponges are divided into three classes^ 
according as their skeletons are flinty 
(silicious), limy (calcareous), or horny. 

Some of the silicious sponges have 
skeletons that resemble spun glass in 
their delicacy. Flint is chemically nearly 
the same as ghiss. The skeleton shown 
in Fig. 29 is that of a glass sponge which 
lives near the Philippine Islands. 

The horny sponges do not have spi- 
cules in their skeletons, as the flinty and 
_ , - limy sponges have, but the skeleton 

glass sponge. is Composed of interweaving fibers ol 
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sp^figin, a durable substance of the same chemical nature as silk 
(Figs, 30 and 31). 

The /imy sponges have skeletons made of numerous spicules of 
lime. The three-rayed spicule is the commonest form. 

The commercial sponge, seen as it grows in the ocean^ appears 
as a roundish mass with a smooth, dark exterior, and having about 
the consistency of beef liver. Several large openings (oscula), 
from which the water flows, are visible on the upper surface. 
Smaller holes (inhalent pores — many of them so small as to be 
indistinguishable) are on the sides. If the sponge is disturbed, 

the smaller holes, and 
perhaps the larger 
ones, will close. 

The outer layer of 
cells serves as a sort 
of skin. Since so 
much of the sponge 
is in contact with 
water, most of the 

Fig. 30, -A horny Fig. 31. -Section ^ells do their own 

sponge. of horny sponge. , , . . 

breathing, or absorp- 
tion of oxygen and giving off of carbon dioxid. Nutriment is 
passed on from the surface cells to nourish the rest of the body. 

Reproduction. — Egg-cells and sperm-cells are produced by 
certain cells along the canals. The egg-cell, after it is fertilized 
by the sperm-cell, begins to divide and form new cells, some of 
which possess cilia. 'Fhe embryo sponge passes out at an oscu- 
lum. By the vibration of the cilia, it swims about for a while. 
It afterwards settles down with the one end attached to the ocean 
floor and remains fixed for the rest of its life. The other end de- 
velops oscula. Some of the cilia continue to vibrate and create 
currents which bring food and oxygen. 

The ciHa in many species are found only in cavities called 
ciliated chambers. (Figs. 22, 32.) There are no distinct organs 
in the sponge and there is very little specialization of cells. The 
ciliated cells and the reproductive cells are the only specialized 
cells. The sponges were for a long time considered as colonies 
of separate one-celled animals classed as protozoans. They are, 


‘ 6 ' I 




Fig. 31. — Section 
of horny sponge. 
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without doubt, many-celled animals. If a living sponge is cut 
into pieces, each piece will groW^and fonn a complete sponge. 

That the sponge is not a colony of one^Ued animals, each like 
an ameba but is a many-celled animal, will be realized by exam- 
ining Fig. 32, which shows a bit of sponge highly magnified. A 
sponge may b^e conceived as having developed from a one-ceiled 
animal as follows : Sev- 
eral one-celled animals 
happened to live side by 
side; each possessed a 
thread-like flagellum (E, 

Fig. 32) or whip-lash for 
striking the water. By 
lashing the water, they 
caused a stronger cur- 
rent (Fig, 25) than pro- 
tozoans living singly 
could cause. Thus ’they 
obtained more food and 
multiplied more rapidly 
than those living alone. 

The habit of working 
together left its impress 
on the cells and was trans- 
mitted by inheritance. 

Cell joined to cell 
formed a ring ; ring 
joined to ring formed a tube which was still more effective than 
a ring in lashing the water into a current and bringing fresh food 
(particles of dead plants and animals) and oxygen. 

Few animals eat sponges ; possibly because spicules, or fibers, 
are found throughout the flesh, or because the taste and odor are 
unpleasant enough to protect them. Small animals sometimes 
crawl into sponges to hide. One sponge grows upon shells in- 
habited by hermit crabs. Moving of the shell from place to place 
is an advantage to the sponge, while the sponge conceals and thus 
protects the crab. 

Special Report : Spmge Fisheries. ” (Localities ; how sponges 
are taken, cleaned, dried, shipped, and sol^.) 



Fig. 32. — Microscopic plan of ciliated chamber. 
Each cell lining the chamber has a nucleus, 
a whi|viash, and a collar around base of 
whip-lash. Question ; State two uses of 
whip-lash. 



CHAPTER IV 

POIYPS (CUPtlKE ANIMALS) 

The Hydra, or Fresh Water Polyp 



Rig. 33- - 
A Hydrvx. 


SuGOESi'iONS. — Except in the drier regions of the United States, 
the hydra can usually be found by careful search in fresh water ponds 
not too stagnant. It is found attached to stones, sticks, or leaves, 
and has a slender, cylindrical body from a quarter to half an 
inch long, varying in thickness from that of a fine 
needle to that of a common pin. The green hydra 
and the brown hydra, both very small, are common 
species, though hydras are often white or. colorless. 
'Fhey should be kept in a large glass dish filled with 
water. They may be distinguished by the naked 
eye but are not studied satisfactorily without a 
magnifying glass or microscoj)e. Place a living specimen attached 
to a bit of wood in a watch crystal filled with water, or on a hol- 
lowed slip, or on a slip with a bit of weed to support the cover 
glass, and examine with hand lens or lowest power of microscope. 
Prepared microscopical sections, both transverse and longitudinal, 
may be bought 
of dealers in mi- 
croscopic sup- 
plies. One is 
shown in Fig. 39. 

Is the hy- 
dra’s body 
round or two- 
sided ? (Fig. 

35.) What is 
its generai shape ? 
shape ? (Fig. 34.) 



Fig. 34 — Forms assumed by Hydra. 

Does one individual keep the same 
How does the length of the thread- 
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like tentacles compare with the length of the hydra’s body ? 
About how many tentacles are on a hydra’s body ? Do all 
have the same number of tentacles? Are the tentacles 
knotty or smooth? (Fig. 35.) The hydra is usually ex- 
tended and slender ; sometimes it is contracted and rounded. 
In which of these conditions is the base (the foot) larger 
around than the rest of the body ? (Fig. 34.) Smaller ? 
How many openings into the 
body are visible ? Is there a 
depression or an eminence at 
the base of the tentacles ? For 
what is the opening on top of 
the body probably used ? Why 
are the tentacles placed at the 
top of the hydra’s body ? Does 
the mouth have the most con- 
venient location possible ? 

The conical projection bear- 
ing the mouth is called hypo- 
stome (Fig. 34). The mouth 
opens into the digestive cavity, . 

Is this the same as the general 
body cavity, or does the stomach have a wall distinct from 
the body cavity ? How far down does the body cavity 
extend .^ Does it extend up into the tentacles ^ (Fig. 39*) 

If a tentacle is touched, what happens? Is the body ever bent? 
Which is more sensitive, the columnar body or the tentacles? In 
searching for hydras would you be more likely to find the ten- 
tacles extended or drawn in? li the hypostome ever extended 
or drawn in? (Fig. 34.) 

Locomotion. — The round surface, or disk, by which the 
hydra is attached, is called its foot. Can you move on 
one foot without hopping '^e hydra moves by alter- 



35- — Mydra. (much 
cnlargcil). 
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nately elongating and rounding the foot. Can you dis- 
I cover other ways by which it ipoves ? Does the hydra 
• always stand upon its foot ? 

Lasso Cells. — Upon the tentacles (Fig. 35) are numer- 
ous cells provided each with a thread-like process (Fig. 36) 



/ FIG. 36. — Nettling Cell. 


11. discharged, and I. not discharged. 


which lies coiled within the 
cell, but which may b4 
thrown out upon a water 
flea, or other minute animal 
that comes in reach. The 
touch of the lasso paralyzes 
the prey (Fig. 37). These 
cells are variously called 
la^o cells, nettling editor 
thread cells. The thread is 


hollow and is pushed out by the pressure of liquid within. 
When the pressure is withdrawn the thread goes back as 
the finger of a glove may be turned back into the glove by 
turning the finger outside in. 


When a minute animal, or 
other particle of food comes in 
contact with a tentacle, how 
does the tentacle get the food 
to the mouth ? By bending 
and bringing the end to the 
mouth, or by shortening and 
changing its form, or in both 
ways? (Fig, 34, C.) Do the 
neighboring tentacles seem'to 
bend over to assist a tentacle in 
securing prey? (Fig. 34, C) 
Digestion. — The food parti- 
cles break up before remaining 



Fig, 37. — Hydra capturing a 
water flea. 
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long in the stomach, and the nutritive part is absorbed 
cells, or endoderm (Fjg. 39). The indiges- 
tible remnants go out through the mouth. The hydra is 
not provided with a special vent. Why could the vent not 
be situated a,t the end opposite the mouth ? 

Circulation and Respiration. — Does water have free 
access to the body cavity ? Docs the hydra have few or 
nearly all of its cells exposed to the water in which it 
lives ? From its structure, decide whether it can breathe 
like a sponge or whether 
special respiratory cells are 
necessary to supply it with 
oxygen and give off carbon 
dioxid. Blood vessels are 
unnecessary for transfer- 
ring oxygen and food from 
cell to cell. 

Reproduction. — Do you 
see any swellings upon the 3 ^- - ™ 

side of the hydra ? (Fig. 34, A.) If t^e swelling: is near 
the tentacles^ it is a sj>ermary; if pear the base it is an 
ovafj , A sperm coalesces with or fertilizes the ovum after 
the ovum is exposed by the breaking of the ovary wall. 
Sometimes the sperm from one hydra unites with the ovum 
of another hydra. This is called cross^fertilination. 
same term is applied to the .process in plants when the 
male element, developed in the pollen of the flower, unites 
with the feniale elernent of the ovule of the flower on| 
another plant. The hydra, like most plants and some other I 
animals, is hermaphrodite, that is to^say, both sperms and i 
ova are produced by one individual. In the autumn, eggs 
are produced witK hard shells to withstand the cold until 
spring. Sexual reproduction takes place when food is 
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scarce. Asexual generation (by budding) is common with 
the hydra when food supply is abundant. After the bud 

grows to a cer- 
tain size, the 
outer layer of 
cells at the base 
of the bud con- 
stricts and the 
young hydra is 
detached. 

Compare the 
sponge and the 
hydra in the fol- 
lowing respects: 
— many celled, 
or one celled ; 
obtaining food ; 
breathing; tubes 
and cavities ; 
openings ; re- 
production ; loco- 
motion. Which 
ranks higher 



OVARY- 

OVUM^ 


FlC 3 . 39. — Longitudinal section of hydra (microscopic 
and diagrammatic). 


among the metazoa } The metazoa, or many celled ani- 
mals, include all animals except which branch ? 


Figure 39 is a microscopic vie%v of a vertical section of a hydra to 
show the structure of the body wall. There is an outer layer called the 
ectoderm^ and an inner layer called the endmierm. There is also a thin 
supporting layer (black in the figure) called the mesoglea. The mesoglea 
is the thinnest layer. Are the cells larger in the endoderm or the ectoderm ? 
Do both layers of cells assist in forming the reproductive bud ? The ecto- 
derm cells end on the inside in contractile tails which-form a thin line and 
have the effect of muscle fibers- They serve the hydra for its remarkable 
changes of shape. Whenjbe hydra^ in pieces, each piece makes a 
complete hydra, provided it contains both endoderm and ectoder m. 
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In what wnys does the hydra show of labor”? Answer 

this by explaining the classes of cells specialized to serv^e a different 
purpose. Which cells of the hydra least specialized? In what par- 
titulars is the plan of the hydra different from that of a simple sponge? * 
An ingenious naturalist living more than v. century ago, asserted that it 
made no difference to the hydra whether the ectoderm or the endoderm 
layer were outside or inside, —that it could digest equally well with 
either layer. He allowed a hydra to swallow a worm attached to a 
thread, and then by gently pulling in the thread, turnf d the hydra inside 
out. More recently a Japanese naturalist showed that the hydra could 
jgasily be turned inside out, but he also found that when left to itself 
it soon reversed matters and returned to its natural condition, that 
the cells are really specialized and each layer can do its own work and 
no other. 

Habits. — The hydr a’s w hole body is a hollow bag, the 
cavity extending even into the tentacles. The tentacles 
may 'increase in number as the hydra grows but seldom 
exceed eight. The hydra has more active motion than 
locomotion. It seldom moves from its place, but its ten- 
tacles are constantly bending, straightening, contracting, 
and expanding. The body is also usually in motion, bend- 
ing from one side to another. When the tentacles ap- 
proach the mouth with captured prey, the mouth (invisible 
without a hand lens) opens widely, showing five lobes or 
lips, and the booty is soon tucked within. A hydra can 
swallow an ammal larger in diameter than itself. 

The endoderm cells have ameboid motion^ that is, they 
extend pseudopods. They also resemble amebas in the 
power of intra-cclliilar digestion ; that is, they absorb the 
harder particles of food and digest them afterwards, re- 
jecting the indigestible portions. Some of these cells have 
flagella (see Fig. 39) which keep the fluid of the cavity 
in constant motion. 

Sometimes the hydra moves after the manner of a small 
caterpillar called a measuring worm,” that is, it takes 
hold first by the foot, then by the tentacles, looping its 
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body at each step. Sometimes 
the body goes end over end in 
slow somersaults. 

The length of the extended 
hydra may reach one half 
inch. Wh en tou ched, both 
tentacles and bo 3 y""conlract 
until it looks to the unaided 
eye like a round speck of 
jelly. This shows sensibUity^ 

nutritive (/^ reproductive (A/) and and a few Small star-shaped 
defensive (S) hydranths. believed to be nerve 

cells, but the hydra has not a nervous system- Hydras 
show their liking for light by moving to the side of 
the vessel or aquarium whence the light comes. 

I The Branch Pol3rps 
(sometimes called C^lctt- 
t/rata). — The hydra is 
the only fresh water rep- 
resentative of this great 
branch of the animal 
kingdom. This branch 
is characterized by its 
members having only 
ohe opening to the body. 

The polyps also include 
the salt water animals 
called hydroids, jelly- 
fishes, and coral Jtolyps, 

Hydroids. — Figure 40 
shows a kydtvid, or 
group of hydra-like 
irowthsi om of which 



Fig. 41.— Portuguese Man-o-war** 
(compan; with Fig, 40). A Soating 
hydroid colony with long, stinging (and . 
•ensory) streamers. Troublesome to 
bathers in Gulf of Mexico. Nodoe 
balloofii^Uke float 
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6ats and digfests for the group, another defends by nettling 
cells, another produces eggs. Each hydra-like part m a 
hydroid called a hydrant k Sometimes the buds on the 
hydra remain attached so long that a bud forms upon the 
first bud. Thus three generations are represented in one 
organism. Silch growths show us that it is not always 
easy to tell 
what consti- 
tutes an indi- 
\idual animal. 

Hydro i ds 
may be con- 
ceived to have 
been developed 
by the failure 
of budding hy- 
dras to sepa- 
rate from the 
parent, and by 
the gradual formation of the habit of living together and 
assisting each other. When each hydranth of the hydroid 
devoted itself to a special function of digestion, defense, or 
reproduction, this group lived longer and prospered ; more 
eggs were formed, and the habits of the group were trans- 
mitted to a more numerous progeny than were the habits 
of a group where members worked more independently of 
each other. ^ 

As the sponge is a simple example of the devotion 
of special cells to special purposes^ th^ hydroid is a 
primitive and simple example of the occurrence of organs, 
that is of special parts of the body set aside for a special 
work 



Fig. 42, —The formation of many free swimming jelly- 
fishes from one fixed hydra-like form. The saucer-like 
parts (A) turn over after they separate and become like 
Fig. 43 or 44. Letters show sequence of diagrams. 
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How many mature hydranths are seen in the hydroid 
shown in Fig. 40? Why are the defensive hydranths 



on the outside of the 
colony ? Which hy- 
dranths have no tenta- 
cles ? Why not ? 

Jell3rfish. — Alterna- 
tion of Generations. — 
Medusa. — With some 
species of hydroids, a 
very curious thing hap- 
pens. — The hydranth 
that is to produce the 
eggs falls off and be- 
comes independent of 
the colony. More sur- 
prising still, its appear- 


ance changes entirely and instead of being hydra-like, it 


becomes the large and complex creature called jellyfish 


(Fig. 43). But 
the egg of the 
jellyfish pro- 
duces a small 
hydra- like ani- 
mal which gives 
rise by budding 
to a hydroid, 
and the cycle is 
complete. 

The bud (or 
reproductive 
hydranth) of 



the hydroid -44- — a jellyfish (medusa). 
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does not produce a hydroid, but a jellyfish ; the egg of the 
jellyfish does not produce a jellyfish, but a hydroid. This is 
called by zoologists, alternation cf generations, A complete 
individuals is the life from the germination of one egg to 
the production of another. So that an “individual” con- 
sists of a hydroid colony fixed in one place together with 
all the jellyfish produced from its buds, and which may 
now be floating miles away from it in the ocean. Bathers 
in the surf are sometimes touched and stung by thd long, 
streamer-like tentacles of the jellyfish. These, like the 
tentacles of the hydra, have 
nettling cells (Fig. 41). 

The umbre lla:shap,ed free 

swimn}ing -jellyfish is called a 
medusa (Fig. 44). 

Coral Polyps. — Some of the 
salt water relatives of the hydra 
produce buds which remain 
attached to the parent without, 
however, becoming different 
from the parent in any way. 

The coral polyps and corallines are examples of colonies of 
this kind, possessing a common stalk which is formed as 
the process of multiplication goes on. In the case of coral 
polyps, the separate animals and the flesh connecting them 
secrete within themselves a hard, limy, supporting structure 
known as coral. In some species, the coral, or stony part, 
is so developed that the polyp seems to be inserted in the 
coral, into which it withdraws itself for* partial protection 
(Fig- 45 ). 

The corallines secrete a smooth stalk which affords 
no protection, but they also secrete a coating or sheath 
which incloses both themselves and the stalk. The 



Fic. 45. — CoKAi. Pol.YPS (tenta- 
cles, a multiple of six). Notice 
liyj)Ostome. 
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coating has apertures through which the polyps pro- 
trude in, order to feed when no danger is near (Fig. 46), 



Fi«. 46. — Red Coral^ 
LINE with crust and 
jx)lyp 5 tentacles). 


V t 




Fig. 47. — Sea Fan (a coralline). 


The red ** corals ” used for jewelry are bits of stalks of cw- 
aUines. The corallines (Figs. 4;, 48) are not so abundant 

nor so important 
as the coral polyps 
(Figs, 45, 49). 

Colonies of coral 
polyps grow in 
countless numbers 
in the tropical seas. 
The coral formed 
by successive colo- 
nies of polyps accu- 
mulates and builds 

_ ^ up many islands 

Fic. 48 ,— Organ Pipe *'Cora!’* (a coralline). , . 

and important addi- 
tions to continents. The Florida ** keys/' or islands, aijd 
the southern part of the mainland of Florida were sh 
foimed. 
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^ The Sea An^moae, like the coral 
polyp, lives in the sea, but like 
the fresh water hydra, it deposits 
no limy support for its body. The 
anemone is much larger than the 
hydra and 
most coral 
polyps, 
many spe- 
cie s at- 
taining a 
height of 
several 
inches. It 
docs not 
form colo- 
nies, When its arms are drawn in, 
it looks like a large knob of shiny but opaque jelly. Polyps 
used to be called zoophytes {plant-animals), because of 
their flower-like appearance (Figs. 50, 51). 


Fio. 49. — Upright cut 
through coral polyp X 4. 

ms, mouth j mr, gullet Is, 
p»rtiHftns (niesen- 
tencs) extending from outer 
body wall to gullet (to m* 
crease absorbing surface) , 
5, s, shorter partitions; mh, 
fb, stony support (r»f lime, 
called coral) , i, tentacles. 


Fig. 50.— Sea Anfmone. 



Fia. 51.— SKA AHEMOtl|||| 



CHAPTER V 


SCHINODERMS (SPINY ANIMALS) 

The Starfish 

Suggestions. Since the echinoderms are aberrant though inter- 
esting forms not in the regular line of development of animals, this 

chapter may be 
omitted if it 
is desired to 
shorten the 
course- — The 
common star- 
fish occurs 
along the At- 
lantic coast. It 
is capture 3 by 
wading along 
FiO. 52. ■ StnrfiRh on a rocky shore. the shore when 

the tide is oub 

It is killed by immersion in warm, fresh water. Specimens are usually 
pre.served in 4 per cent formalin. Dried starlish and sea urchins are also 
useful. A living starfish kept 
in ii pail of salt water will be 
instructive. 

External features. — 

Starfish are usually brown 
or yellow. Why? (See 
Fig. 52.) Has it a head or 
tail? Right and left sides? 

What is the sha])e of the 
(Usk^ or part which bears 
the five arms or rays ? (Fig. 53,) Does the body as a whole 
have symmetry on two sides of a line (bilateral symmetry), or'^ 
around a point (radial symmetry) ? Do the separate rays ha^ 

34 
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Fio. 53. — Plan of surfish; III, madreporitc* 
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Fic;. 54.— Limy Plates 
in portion of d ray* 


Fig. 55. — Starfish (showing 
Madreporite). 


bilateral syratlictry ? The skeleton consists of limy plates embedded 
in the tough skip (Fig. 54). Is the skin rough or Smooth? Hard 
or soft? Are the projections (or opines) 
in the skiiD long or short? The skin is 
hardened by the 
limy plates, ex- 
cept around the 
mouthy which is 
at the centefl 3 f 

the lowei bide and surrounded by a mem- 
brane. Which i^ rougher, the mouth side, 
1 ^ 5 S 7 ?ide) or the opposite {ahoral side)? 
Which side is more nearly flat ? The 
vent is at or near the center of the 
disk on the aboral surface. It is usually 
very small and sometimes absent. Why a vent is not of much 
use will be understood after learning how the starfish takes food. 

An organ peculiar to animals of this 
branch, and called the madreporic plate, 
or madreporiie, is found on the aboral 
surface between the bases of two rays 
^Fig. 55). It is wartlike, and usually 
ithite or red. This plate is a sieve ; the 
small openings keep out sand but allow 
water to filter through. 

Movements : the Water-tube System. 

— The water, which is filtered through 
die perforated madreporite, is needed 
tt> supply a system of canals (Fig. 56). 

The madreporite opens into a canal 
called the stone canal, the wall of which 
is hardened by the same kind of mate- 
rial as that found in the skin. The stone 
canal leads to the ring canal which sur- 
rounds the mouth (Fig. 56). The ring . 

canal sends radial canals into each ray to supply the double row 
of tube feet found in the groove at the tower side of each ray 
(Fig. 57). Because of their arrangement in rows, the feet are 



tf, madreporite; 4/r, ttone 
canal; a/, ampulia. 
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glad called amhuiacrai feet (I^atin ambulacra^ forest walks"), 
lltere is a water holder {ampulla) ^ or muscular water bulb at the 

base of each 
tube foot (Fig, 
58). These con- 
tract and force 
the water into 
the tube feet and 
extend them* 
The cuplike 
ends of the 
tubes cling to 
the ground by 
suction. The 
feet contain 
delicate muscles 
by which they 
contract and 
shorten. Thus 
the animal pulls 
itself slowly 

along, hundreds of feet acting together. The tube feet, for their 
own protection, may contract and retire into the groove, the 
water which extended them being sent back into the ampulla. 
This system of water 
vessels (or water- 
vascular system) of 
the echinodermata 
is characteristic of 
them ; i.e. is not 
found elsewhere in 
the animal kingdom, S® — section i»f one ray and central portion 

The grooves anc t e tube feet more or less extended; ait^ eye spot; 

plates on each side gilts; stomach; fM, madreporite; x/, stone canal; 

of them occupy the 

^mbuiatral areas. The rows of spines on each side of the grooves 
are fteely movable. (What advantage ?) The spines on the abora] 
surface are not freely movable. 
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— The sy&iem of water vessels serves the add^oneU 
turpose of bringing water coutaining oxygen into contact with 
various parts of the body, and the starfish was formerly thought 
to have no $p$cial respiratory oi^ans. However there are holes in 
the aboral wall through which the folds o^ the delicate lining mem- 
brane protrude. These are now supposed to be^i /4 {ky Fig. 58). 

The nervous system is so close to the aboral surface that much 
of it is visible without dissection. Its chief parts are a nenre ring 
around the mouth, which sends off a branch along each ray. 
These branches may be seen by separating the 
rows of tube feet. They end in a pigmented 
cell at the end of each ray called the eye-spot 

The food of starfish consists of such animals 
as crabs, snails, and oysters. When the prey 
iff too large to be talcen” into the mouth, the 
starfish turns its stomach * inside out over 
the prey (Fig. 59). After the shells separate, 
the stomach is applied to the soft digestible 
parts. After the animal is eaten, the stomach Fig. 59. — Starfish cat* 
is retracted. This odd way of eating is very tng asea snail. 

, h, stomach everted 

economical to its digestive powers, for only 
that part of the food which can be digested and absorbed is taken 
into the body, Cinly the lower part of the stomach is wide and 
extensible. The upper portion (next to the aboral surface) is 
not so wide. This portion receives the secretion from five 
pairs of digestive glands, a pair of which is situated in each ray. 
Jaws and teeth are absent. (Why?) The vent is sometimes 
wanting. Why ? 

Reproduction. — There is a pair of ovaries at the base of each 
ray of the female starfish (Fig. 58). The spermanes of the male 
have the same position and form as the ovaries, but they are 
lighter colored, usually white.’^ 

Regeneration after Mutilation. — If a starfish loses one or more 
rays, they are replaced by growth. Only a very ignorant oyster- 
man, angry at the depredations of starfish upon bis oyster beds, 

^Thc sperm cells and egg cells arc poured out into the water by the adults, 
and the sperm cell, which, like nearly all sperm cells, has a vibratory, tail- 
like fiageUum to propel it, reaches and fertilkes the egg cell 




§8 ANIMAL BIOLOGY 

i would chop starfish to pieces, as this only serves to multiply them. 

I This power simulates multiplication by division in the simplest 

I animals. 

Steps in Advance of Lower Branches. — The starfish and other 
echinodermata have a more developed nervous system, sensory 
organs, and digestion, than forms previously studied ; most dis- 
tinctive of all, they have a body 
cavity distinct from the food 
cavity. The digestive glands, 
reproductive glands, and the 
fluid which serves imperfectly 
for blood, are in the body 
cavity. There is no heart or 
blood vessels. The motions 
of the stomach and the bend- 
ing of the rays give motion to 
this fluid in the body cavity. 
It cannot be called blood, 
but it contains white blood 
corpuscles. 

Fkj. 6o.— Y oung htarfisii crawling upon The Starfish when first 

their mother. (CluiUcnger Reports. ) v _ i • .• i • 

i ; hatched is an actively swim- 
ming bilateral animal, but it soon becomes starlike (Fig. 6o). The 
limy plates of the starfish belong neither to the outer nor inner 
layer (endoderm and ectoilenn) of the body wall, but to a thW 
or miildle layer (raesotlerm) ; for echinoderms, lifce the polyps, 
belong to the three-layered animals. In this its skeleton differs 
from the shell of a crawfish, which is formed by the hardening 
of the skin itself. 

Protective Coloration. — Starfish are brown or yellow. This 
makes them inconspicuous on the brown rocks or yellow sands 
of the seashore. This is an example of protective coloration. 

The Sea Urchin 

Sactemal Features. — What is the ^hape of the body? What 
kind of symmetry has it? Do you find the oral (or mouth) sur- 
face? The aboral surface? Where is the body flattened? What 
is the shape of the spines ? What is their use ? How are the tube 
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feet arranged? Where do the rows begin and end? Would you 
think a sea urchin placed upside down in water, could right itself 
less or more readily than a star- 
fish? Whal advantage in turn- 
ing would each have that the 
other would not have? The 
name sea urchin has no refer- 
ence to a mischievous boy, but 
means sea hedgehog (French 
oitrsin^ hedgehog), the name 
being suggested by its spines. 

Comparison of Starfish and 
Sea Urchin. — The water sys- 
tem of the sea urchin, consist- 
ing of madreporite, tubes, and Fig.6i.— A Ska URCum crawling up 

water bulbs, or ampull*, is the glass front wnll of an 

similar to that of the starfi-sh. 

The tube feet and locomotion are alike. There is no need for 
well-developed respiratory organs in either a n uii e 
body, inside and out, is bathed in water. The method of repro- 
ductioh is the “same.' 

The starfish eats soft animal food. The food of the sea 
urchin is mainly vegetable, and it needs teeth (Fig. 62, 63 ) ; 
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The largest species of sea urchins are almost as big as a 
child’s head| but such size is unusual. The spines are mopnted 
on knobs, and the joint resembles a 
ball-and-socket joint, and allows a wide 
range of movement. Some sea urchins 
live on sandy shores, other species live 
upon the rocks. The sand dollars are 
lighter colored. (Why?) They are usu- 
ally flatter and have lighter, thmner 
walls than the other species. The five- 
holed sand cake or sand dollar has its 
Fig 64 — Thk Sea Or- weight still further diminished by the 
TER. an urchin with holes, which also allow it to rise more 
mouth (o) and vent (A) easily through the water, 
on same side of body. Starfish and sea urchin rest on 

the flattened lower surface of the body, 
while the tube feet are stretching for- 
ward for another step. 

Other Kchinoderms 

The sea cucumbers, or holothurians, re- 
semble the sea urchin in many respects, 



I’lG. 65 . —Sea Cucumbers. 

but their bodies are elon- 
gated, and the limy plates 
are absent or very mi- 
nute. The" mouth is sur- 
rounded by tentacles (Fig 

65). 

The brittle stars resem- 
ble the starfish in form, 

* FIO. 6&_A BltltTL. STAR. 

slender, more distinct 
from the disk, and the tube feet are on the edges of the rays, not 
under them (Fig, 66). 
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Fig. 67. — 
Crinoid, 
arms closed. 



The ciiiioids are the most ancient of the echino- 
derms. (Figs. 67, 68.) Their fossils are very 
^ ajjundant in the rocks. They 
inhabited the geological seas, 
and it is believed that some of 
the other echinoderms de- 
scended from them, ' A few 
now inhabit the deep seas. 

"Some species are fixed by 
stems when young, and later* 
break away and become free- 
swimming, others remain 
fixed throughout life. 

The four classes of the branch echinoderms are 
Starfish {asteroids)^ Sea urchins (echinoids)^ Sea 
cucumbers (holothurians)^ and Sea lilies (cfinoids). 

Comparative Review 

Make a table like this as large as the page of the 
notebook will allow, and fill in without guessing. 


Fig, 68. — Lusiv of Cri- 
NOID from above, show- 
ing mouth in center 
and vent near it, at 
right (arms remo’ ed). 
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WORMS 

Suggestions : — Earthworms may be found in th^ daytime aftef 
a heavy rain, or by digging or turning over planks, logs, etc.J iji 
damp places. They may be found on the surface at night by 
^searching with a lantern. Live specimens may be kept in the 
laboratory in a box packed with damp (not wet) loam and dead 
leaves. They may be fed on bits of fat meat, cabbage, onion, 
etc., dropped on the surface. When studying live worms, they 
should be allowed to crawl on damp paper or wood. An earth- 
worm placed in a glass tube with rich, damp soil, may be watched 
from day to clay. 

External Features. — Is the body bilateral? Is th:et3l^ 
dorsal and ventral surface ? Can you show this by 
with live worm ? Do you know of an animal ^tsal 

and ventral surface,' but not 
bilateral ? 

Can you make out a head ? 
A head end A neck Touch 
the head and test whether it 
can be made to crawl backwards. Which end is more 
tapering ? Is the mouth at the tip of the head end or on 
the upper or lower surface.? How is the vent situated? 
Its shape ? As the worm lies on a horizontal surface, is 
the body anywhere flattened ? Arc there any very distinct 
divisions in the body ? Do you see any ej/es f 

Exporiment to find wjiether the wotto is sensitive (i) to touchy 
(a) to lights ( 3 ) to strong odfrs, (4) to irritating liquids. Docs it 
show a sense of taste? The experiments should show whether 
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or seeks a bright light, as a window; also whether any 
parts of the body are especially sensitive to touch, or all equally 
sensitive^ Wha| efiect when a bright light is brought suddenly near 
it at hi^t i 


^ Is Ted b hod ^isXbXt through the skin ? Can you notice 
any pulsations in a vessel along the back ? Do all earth- 
worms have the same nitmber of divisions or rings ? Com- 
pare the size df the rings or segments. Can it crawl faster 
ou glass or on paper ? 

A magnifying glass will show on most species tiny bristle- 
like projections called sct(e. How are the setae arranged ? 
{d. Fig. 70.) How many on 
one ring of the worm? How 
do they point ? Does the worm 

feel smoother when it is pulled ^ ^ 

^ , - , , - , Fic. 70. — Mourn AND 

forward or backward between 

the fingers ? Why ? Are setas on the lower sur- 

face ? Upper surface ? The sides ? What is the 

M nse of the setas ? Are they useful below ground ? 

M Does the worm move at a uniform raite ? What 

change in form occurs as the front part of the 

& body is pushed forward ? As the hinder part is 

^ pulled onward ? How far docs it go at each 

g movement ? At certain seasons a broad band, 

^ or ring, appears, covering several segments and 

making them seem enlarged (Fig. 71). This is 

Fig, 71^ the clitclhim, or reprodnetive girdle. Is this girdle 

Earth- nearer the mouth or the tail ? 

rooin^nd the exterior of an earthworm. 

above. Dorsal and Ventral Surfaces. — The earthworm 

always crawls with the sime surface to the ground; this 

is called the ventral surface, the ppposite surface is the 

dorsal surface. This is the first animal studied to which 


Fig, 71. — 
Earth- 
worm. 

mouth end 
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ff these terms are applicable. What are 

'Si iM ventral and dorsal surfaces of a fisb^ a frog, 

fit ^ ^ horse, a man ? ^ 

The name ‘'worm” is ofteU carelessly applied 
to various crawling things in general It isprop- 
*. applied, however, only to segmented^nimals 

SS^ * without jointed appendages, 

* ImB * Al diough a caterpillar crawls, *** 
fin’ ** not a worm for several 

^ reasons. It has six jointed* | 

^ developed I j flTO Ik 

'mji yyST^ ^ animal, but only an early stage | ; 

in the life of a moth or but- I 

Iffjf terfly. A “ grubworm ” also | j ' 

jointed legs (Fig. 167). |jt^^ 

1 JK It does not remain a grub, but hs.-J ■ 

1^ in the adult stage is a beetle. | ■ 

V-OLJJISW A worm never develops into tu*— -jlm 

^*TuBr dearth- animal in the latter 

worm, (’lop part of its life ; its setae are I ' : -a 

view.) not jointed. I , Jl #»• | - 

The Food Tube. — The earthworm has ^ 

no teeth, and the food tube, as might be / 

I ^ inferred from the form of the fig. 73 —food 

, ytf body is simple and straight Its 

parts, recognizable because of sEiii of eartb- 
C^pIP slight differences in size and showing 

^ L the rm^-like 

structure, are named the pharynx hearts. (Side 
(muscular), gullet, cjrop, gizzard 
< p*? (muscular), and stomach-intestine. The last ex- 
tends through three fourths of the length of the 
body (Fig. 72). The functions of the parts of 
jt the food tube are indicated by their names. 

’l * Circulation. — There is a large dorsal blood 
F10.W vessel above the food tube (Fig. 73). From the 


Fig. 73 —Food 
Tuhf and 
B l OOD Ves- 
SElii of earth- 
worm showing 
the rm^-like 
hearts. (Side 
view.) 

The last ex- 





front portion of ihjs tube arise several large tubular rings 
or “h<^arts” which are contractile and serve to keep the 
blood circulating. They lead to a ventral vessel below the 
food tube "(Fig- 74). The blood is »*ed, but the coloring 
matter in the liquid, not in the blood celisT""**'^ 
^"IRefvoiS — Between the ventraT blood vessels 

is a' nerve cord composed of two strands (see Fig. 75). 
There is a slight swelling, or ganglion^ on each strand, in 
each segment (Fig. 75). The strands sepa- 
rate near the front end of the worm, and a 
branch goes up each side of the gullet and 
enters the two pear-shaped cerebral ganglia^ 
or brain*' (Fig. 75). 

Food. — The earthworm eats earth contain- 
ing organic matter, the inorganic part passing II — - 

through the vent in the form of circular casts; 
these are found in the morning at the top of 
the earthworm’s burrow. ganglia 

The earth\vorm has no teeth. It excretes near Mouth 
through the mouth an alhaline Jiidd which chain°o< 

softeUs and partly digests the food befofe ir earthworm, 
is eaten. When this fluid is poured out upon a green leaf, 
the leaf at once turns brown. The starch in the leaf is 
also acted upon* The snout aids in pushing the food into 
the mouth. 


Kidneys. — Since oxidation is occurring in its tissues, 
and impurities are forming, there must be some way of 
removing impurities from the tissues. The ^rthworm 
does not possess one-pair organs like the kidneys of 
higher animals tp serve this purpose, but it has numerous 
pairs of small tubular organs called nepkridia which serve 
the purpose. Each one is simply a tube with several coils. 
There is a pair on the floor of each segment. Each neph- 
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ridium has an inner open end within the body cavity, and 
its outer end opens by a pore on the surface between the 
setae. The nephridia absorb waste 

e from the liquid in the celonty or body 
cavity surrounding the food tube, 
and convey it to the outside. 

Respiration. — The skin of the 
earthworm is moist, and the blood 
capillaries approach so near to the 
Fjc;. 76.— Two pairs surface of the body that the oxygen 
OF nkphridia m a Constantly passing in from the air, 

and carbon dioxid passing out ; hence 
it is constantly breathing through all parts of its skin. 
It needs no lungs nor special respiratory organs of any 
kind. 


Reproduction. — When one individual animal produces both 
sperm cells and egg cells, it is said to be hermaphrodite. This 
is true of the earthworm. Tlie egg cell 
is always fertilized, however, not by the 
sperm cells of the same worm, but by 
sperm cells formed by another worm. > 

The openings of these ovaries c onsist of 

VI 

two pairs of small pores found on tlie 
ventral surface of the fourteenth s eg nient 
in most species (see Fig. 77). There 
are also two pairs of small trcepiacks 
for temporarily holding foreign sperm 
cells. One pair of the openings from 
these receptacles is found (with diffi- xv 
culty) in the wrinkle behind the ninth 

segment (Fig. 77), and the other pair 77 -“Sperm {sp) and 
r u * 4 4. 4. 'ru X <?gg glands (e.T) of worm, 

behind the tenth segment. I he sperm- 

ctfies are in front of the ovaries (Fig. 77), but the sperm duets 
are longer than the oviducts^ and open behind them on the fifteenth 
segment (Figs. 77, 78). The worms exchange sperm cells, but not 
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egg cells. The reproductive girdle, or €liieiium^ already spoken oft 
forms tjie case which is tdiiold the eggs (see Fig. 71). When the 
sperm cells have been exchanged, and the ova are ready for fertili- 
zation, the worm draws itself backward from the collar-like case or 
clitellum so that this slips over the head. As it passes the four- 
teenth segment, it collects the ova, and as it passes the ninth and 
tenth segments, it collects the sperm cells previously 
received from another worm. The elastic, collar-like 
clitellum closes at the ends after it has slipped over the 
worm’s head, forming a capsule, fhc ova are fcriilhed 
in this capsule, and some of them liatch into worms in 
a few days. These devour the eggs which do not 
hatch. The eggs develop into complete but very 
small worms before escaping from the capsule. 

Habits. — The earthworm is omnivorous. It 
will eat bits of meat as well as leaves and 
other vegetation. It has also the advantage, 
when digging its hole, of eating (he earth which 
must be excavated. Kvery one has noticed the 
fresh “casts ” piled up at the holes in the morn- 
ing. As the holes are partly filled by rains, the 
casts are most abundant after rains. The chief showing seta;, 
enemies of the earthworm are moles and birds, 

. , . pores, and 

The worms %vork at flight and retire so early 111 reproductive 
the morning that the very early bird has the 
advantage in catching worms. Perhaps the nearest to 
an intelligent act the earthworm accomplishes is to con- 
ceal the mouth of its hole by plugging it with a pebble or 
bit of leaf. Worms hibernate, going below danger of 
frost in winter. In dry weather they burrow several feet 
deep. 

The muscular coat of the body wall is much thicker than 
the skin. It consists of two layers : an outer layer of fibers 
which run around the body just beneath the skin, and an 
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intier, tjiickcr layer of fibers which run lengthwise. The 
woxm crawls by shortening the. Ic ^itudinal muscles. As 
the bristles {setce) point backward, they prevent the front 
part of the body from slipping back, so the hinder part is 
drawn forward. Next, the circular muscles contract, and 
the bristles preventing the hind part from slipping back, 
the fore portion is pushed forward. Is the worm thicker 
when the hinder part is being pulled up or when the fore 
paft is being thrust forward } Does the earthworm pull or 
p||h itself along, or does it do both ? Occasionally it trav- 
i i Piia ckward, e.g. it sometimes goes backward into its hole. 
If^en the bristles are directed forward. 

^ The right and left halves of the body are counterparts of 
each other, hence the earthworm is bilaterally syinmetncaL 
The lungs and gills of animals must always be kept moist. 
The worm cannot live long in dry air, for respiration in the 
skin ceases when it cannot be kept moist, and the worm 
smothers. Long immersion in water is injurious to it, 
perhaps because there is far less oxygen in water than in 
the air. 

Darwin wrote a book called ‘‘Vegetable Mold and Earth- 
worms.*’ He estimated that there were fifty thousand earth- 
worms to the acre on farm land in England, and that they 
bring up eighteen tons of soil in an acre each year. As 
the acids of the food tube act upon the mineral grains that 
pass through it, the earthworm rcndQrs great aid in form- 
ing soil. By burrowing it makes the soil more porous and 
brings up the subsoil. 

Although „„without eye^ the worm is sensitive to light 
faljtmgniipon its anterior segments. When the light of t 
lantern suddenly strikes it at night, it crawls quickly to its 
burrow. Its sense of touch is so keen that it can detect a 
light puff of breath. Which of the foods kept in a box of 
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damp earth disappeared first? What is indicated as 
sense of taste? 

Why is the bilateral type of structure better adapted for 
development and higher organization than the radiate type 
of the starfish ? The earthworm^s body is a 
double tube; the hydra's body is a single 
tube ; which plan is more advantageous, and 
why ? Would any other color do just as well 
for an earthworm ? Why, or why not ? 

The sandworm (Nereis) lives in the sand of the 
seashore, and swims in the sea at night (Fig. 79). 

It is more advanced in structure than the earth- 
worm, as it has a distinct head (Fig. 80), eyes, two 
teeth, two lips, and several pairs of antennae, and 
two rows of muscular projections which serve as 
feet. It is much used by fishermen for bait. If 
more easily obtained, it may be studied instead of 
the earthworm. 

There are four classes in the branch Vermes : 

i) the worms, including sandworms and leeches; 2) the 
ronndzvorms, including trichina, hairworms, 
and vinegar eels; Jlatworms, including 
tapeworm and liver fluke ; 4) rotifers, which 
are microscopic aquatic forms. 

The tapeworm is a flatworm which has lost 
most of its organs on account of its parasitic 
life. Its egg is picked up by an herbivorous 
animal when grazing. The embryo undcr- 
OF Sandworm ^^^oes only partial development in the body 

(enlarged). herbivorous animal^/.^. an ox. The 

n^xt stage will not develop until the beef is eaten by a 
carnivorous animal, to whose food canal it attaches itself 
and soon develops a long chain of segments called a 
*^tape/* Each segment absorbs fluid food through its 




Fig. 79. — Sand 
Worm x | 
(Nereis). 
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t dy wall. As the segments at the older end mature, 
ch becomes full of eggs, and the segments become 
detached and pass out of the canal, to be dropped and 
perhaps picked up by an herbivorous animal and repeat 
the life cycle. 

The trichina is more dangerous to human life than the 
tapeworm. It gets into the food canal in uncooked pork 
(bologna sausage, for example), multiplies there, migrates 
into tjie muscles, causing great pain, and encysts there, 
remaining until the death of the host. It is believed to 
into the bodies of hogs again when they eat rats, which 
in turn have obtained the cysts from carcasses. 

Summary of the Biological Process. — An earthworm is 
a livitig machine which docs work (digging and crawling; 
seizing, swallowing, and digesting food; pumping blood; 
growing and reproducing). To do the work it must have 
a continual supply of energy. The energy for its work is 
set free by the protoplasm (in its microscopic cells) under- 
going a destructive chemical change {oxidation). The 
waste products from the breaking down of the protoplasm 
must be continually removed {excretion). The broken- 
down protoplasm must be continually replaced if life is to 
continue (the income must exceed the outgo if the animal 
is still growing). The microscaipic cells construct more 
protoplasm out of food and oxygen {assimilation) supplied 
them by the processes of nutrition (eating, digesting, 
breathing, circulating). This protoplasm in turn oxidizes 
and releases more energy to do work, and thus the cycle 
of life proceeds. 
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CRUSTACEANS 

Crawfish 

Suggestions. — In regions where crawfish are not found, n live 
crab may be used. lx)comotion and behavior may be studied by 
providing a tub of water, or better, a large glass jar such as a 
broad candy jar. For suggestions on study of internal structure, 
see p. 58. 

Habitat. — Do you often see crawfish, or crayfish, mov- 
ing about, even in water where they are known to be abun- 
dant? What does your answer suggest as to the time 
when they are probably most active ? 

Why do you never see one building its chimney, even 
where crawfish holes are abundant ? Is the chimney 
always of the same color as the surface soil ? Arc the 
crawfish holes only of use for protection ? In what kind 
of spots are crawfish holes always dug ? Why ? What 
becomes of crawfish when the pond or creek dries up? 
How deep are the holes? How large are the lumps of 
mud of which the chimney is built? How does it get 
them out of the hole ? Why is the mud built into a chim- 
ney instead of thrown away? (What would happen to a 
well with its mouth no higher than the ground?) Why 
are crawfish scarce in rocky regions, as New England ? 

How does the color of the crawfish compare with its 
surroundings ? Is its color suited to life in clear or muddy 
water ? Define protective coloration. 

5 « 
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SsthitB. — Does the crawfish walk better in water or out 
of k ? Why ? Does it use the legs with the large claws 
to assist in walking? Do the swimmerets (under the ab- 
domen) move fast or slow? (Observe it from below in a 
large jar of clear water.) What propels it backward? 
Forward? Does the crawfish move at a more uniform 
rate when swimming backward or forward? Why? In 
which way can it swim more rapidly? Do the big legs 
with claws offer more resistance to the water while it is 
swimming backward or forward ? How does it hold the 
tail ’after the stroke, while it is darting backward through 
the water ? Hold a crawfish with its tail submerged and 
its head up. Can the tail strike the water with much 
force ? Allow it to grasp a pencil : can it sustain its own 
weight by its grip ? 

Feeding. — Offer several kinds of food to a crawfish that 
has not been alarmed or teased. Does it prefer bread, 
meat, or vegetables ? How does it get the food to its mouth? 
Docs it eat rapidly or slowly ? Does it tear the food with 
the big pincers ? Can it gnaw with the small appendages 
near the mouth ? 

Breathing. — Does the crawfish breathe with gills or 
lungs ? Place a few drops of ink near the base of the hind 
legs of a crawfish resting quietly in shallow water. Where 
is the ink drawn in ? Where does it come out ? To ex- 
plain the cause and purpose of this motion, place a craw- 
fish in a large glass jar containing water, and see the 
vibratory motion of the parts under the front portion of 
the body. There is a gill paddle, or gill bailer, under the 
shell on each side of the body that moves at the same rate. 

— Crawfish arc bes^caugh^wi^ a piece of meat 
or boeP^ liver tied to a string. Do they always lose hold 
as soon as they arc tiffed above the water ? What do you 
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conclude as to the alertness of th sir senses ? Does the cov- 
enng of its body suggest the posf ession of a deUcaie or dull 
sense of ' ouch ? 

Of what motions are the eyes cipahle? Touch one of 
the eyes. The result? Can a crawfish see in all direc- 
tions i To test this, place a crawfish on a table and try 
whether you can move to a place where you can see the 



(dorsal surface). FiG, 82. 

crawfish without seeing its eyes. What are the advantages 
and disadvantages of having the eyes on stalks ? 

Touch the body and the several appendages of the 
crawfish. Where does it seem most sensitive to iench f 
Which can reach farther, the antennae or the big claws? 
Why are short feelers needed as well as long ones ? 

Make a loud and sudden noise without jarring the craw- 
fish. Is it affected by sound f 
External Anatomy (Figs. 8i, 82, 83, 84). — Is the l|ody of 
the crawfish rounded out (convex) everywhere, or* is any 
part of its surface either flat or rounded in (concave)? 
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What color ha« the crawfish ? Is this color of any use to 
the crawfish ? 

Make out the two distinct regions or divisions of the body 
(Fig. 8i). The anterior (front) region is called the head- 
chest or cephalothorax, and the posterior (rear) region is 

called the tail. 
Which region is 
larger ? Why ? 
Which is flex- 
ible? Why? 

Is the covering 
of the body hard 
or soft ? What 
is the advantage of such a covering ? What are its dis- 
advantages ? How is the covering modified at the joints 
to permit motion ? 

Tail. — How many joints, or segments, of the tail ? ( Figs. 
8i, 83.) Does the hard covering of each segment slip 
under or over the segment behind it when 
the tail is straight ? Does this lessen 
friction while swimming forward ? 

Is there a pair of sivimmercts to each 
segment of the' tail ? (Figs. 82, 86.) 

Notice that each swimmeret has a main fig. 84.— 

11 / . iv . , / Fourth Auikv 

Stalk (protopod), an outer branch (exopod), minai, Sfa;mknt 

and an inner branch (endopod) (Fig. 84). crawmsh 

A .1 11 111 1 1 . with swimmeret. 

Are the stalk and the branches each m 
one piece or jointed ? The middle part of the tail fin is 
called the telson. By finding the position of the vent, 
decide whether the food tube goes into the telson 
(Fig. 82). Should it* be called an abdominal segment. 
Are the side pieces of the tail fin attached to the telson 
or to the sixth segment ? Do these side pieces correspond 
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to swimmerets ? Do they likewise have the Y-shaped 
structure? (Fig. 86.) 

If the swimmerets on the first abdominal segment are 
large, the specimen is a male. If they are small, it is a 
female. Which sex is shown in Fig. 82 ? 

Fig. 86 ? 

Carapace. — The covering of the head 
chest (cephalothorax) is called the cara- 
pace. Has it free edges ? The gills are 
on the sides of the body and are covered 
by the carapace (Fig. 87). The projection 
in front is called the 

Does the rostrum project beyond the eyes ? 

There is a transverse groove across the cara- 
pace which may 
be said to divide 
the head from the 
abdomen. Where 
does this groove end at the sides ? 

Legs. — How many legs has the 
crawfish ? How many are provided 
with large claws ? Small claws ? 
Is the outer claw hinged in each 
of the large grasping pincers ? 
The inner claw ? 

Appendages for Taking Food. — 
If possible to watch a living craw- 
fish eating, notice whether it places 
the food directly into the mouth with the large claws. Bend 
the large claws under and see if they will reach the mouth. 

Attached just in front of the legs\he crawfish has three 
pairs of finger-like appendages, called foot jaws(maxilli- 
peds), with which it passes the food frorn the large pin<^i:*s 


Fin. 85.-- 1, mandi- 
ble; a, 3, maxillae; 
4, 5, 6, inaxiliipedi. 


Fig. 86. — Crawfish 
(ventral surface). 
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to it$ mouth (Figs. 85, 86). They are in form and use more 
like fingers than feet. In front of the foot jaws are two 

pairs of thin jaws 
(maxillae) and in 
front of the thin 
jaws are a pair of 
stout jaws (mandi- 
bles) (Fig. 85). Do 
the jaws move 
sidewise or up 

Fig. 87.-0111 cover ren»oved and gills exposed. down } Which 

gill bailer. ^ 

jointed finger (palp) attached to it ? Do all of the appen- 
dages for taking food have both exopod and endopod 
branches on a basal stalk or protopod ? Which of the 
appendages have a scalloped edge.^ How would you know 
from looking at the crawfish that it is not merely a 
Sieavenger ? Why are there no pincers on the hind feet } 
Sense Organs. — Find the antenncey or long feelers (Figs. 
82, 90). Are the antennae attached above or below the 
eyes ? 


Fig. 88. — Lengthwise Section of I^alk Crawfish. 

r, heart; artery to head; Aa, artery to abdbmen;<IWm, stomach; />, intestine; 

Lf liver; 7', spermary; Gc, opening of sperm dua; C*, brain; nerve chain. 

Find the pair of antennules^ or small feelers. Are their 
divisions like or unlike each other? Compare the length 
of the antennules and the antennae. Compare the flex- 
ibility of the antennae with that of the other appendages. 
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Observe the position of the ^es (Figs. 8 t, 88). How long 
are the eyestalks ? Is the stalk flexible or stiff ? Touch the 
eye. Where is the joint which enables the stalk to move? 
Is the outer covering of the eye hard or soft? A mounted 
preparation of the transparent covering (cornea) of the 
eye, seen with lower power of microscope, reveals that the 
cornea is made up of many divisions, called facets. Each 
facet is the front of a very small eye, hundreds of which 
make up the whole eye, which is therefore called a com- 
pound eye The elongated openings to the ear sacs are 
located each on the upper side of the base of a sm'ilHeeler 
just below the eye. 

Respiratory System. — The respiratory organs are gills 
located on each side of the thorax in a space between the 
carapace and body (Fig. 87) The gil lg^are white, curved, 
and feathery. Is the front gill the largest or the smallest? 
The gills overlap each other ; which is the outermost gill ? 
On the second maxilla is a thin, doubly curved plate called 
a gill bailer (Fig. 85). The second maxilla is so placed 
that the gill bailer comes at the front end of the gill 
chamber. The bailer paddles continually, bringing the 
water forward out of the gilL The gills are attached 
below at the base of the legs. Are the gills thick or thin ? 
How far upward do they go ? Does the backward motion 
in swimming aid or hinder the passage of the water through 
the gills ? Does a crawfish, when at rest on the bottom 
of a stream, have its head up or down stream ? Why ? 

Openings. — The 'f^slitlike ven^^is jon the under^idc^ of 
the telsoji (Figs. 82 y 88). ' The month is on the under side 
of the thorax behind the mandibles. At the? base of the 
long antennsB are the openings from the green glands^ two 
glands in the head which serve as kidneys (Fig, 89). 
The openings of the reprodiietive organs a re on the thif d 
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Fig. 89. — Level length- 
wise section showing 

ht heart, 

#/, jCjrecn gland 
/<*, liver. 
kie, gills. 
kh^ gill cavity 
ma, Ktomui h. 

(After Huxley.) 


p^air of legs and the fifth 

pair of legs in the male (Fig. 88). Th.^ 
eggs are carried on the swimmerets. 

Internal Structure. — Suggestions. If 
studied by dissection, it will be necessary 
to have several crawfish for each pupil, one 
for gaining general knowledge, and others for 
studying the systems in detail. Specimens 
should have lain in alcohol for several days. 

The Food Tube. — Is the stomach in the 
head portion of the cephalothorax or in the 
thoracic portion? ( Figs. 88, 89). Is the stomach 
large or small? What is its general shape? 
I toes the gullet lead upward or backward? 
Is it long or short? (Fig. 88.) The mid tube, 
which is the next portion of the food tube, is 
smaller than the stomach. On each side of 
it are openings from the bile ducts which 
bring the secretion from the digestive gland, 
sometimes called the liver. Does this gland 
extend the whole length of the thorax? Is 
it near the floor or the top of the cavity? 
The third and last portion of the food tube 
is the intestine. It extends from the thorax 


to the vent. I|^it large 
or small? Straight or 
curved ? 'Fhe powerful 
flexor muscles of the tail 
lie in the abilomen below 
the intestines. Compare 
the size of these muscles 
with the extensor muscle 
above the intestine (Fig. 
90). Why this difference ? 
Does the food tube ex- 
tend into the telson? Lo- 
cate the vent (Fig. 90). 



stomach j, hver //, and vent a. 
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T 116 Circitlatioii. — The blood is a liquid containing whik 
puscles. It lacks red corpuscles and is colorless* The heart is in 
the upper part of the thorax. It is sur- 
rounded by, a large, thin bag, and thus it is 
in a chamber (called the pericardial sinus). 

The blood from the pulmonary veins enters 
this sinus before it enters the heart The 
origin of this pericardial sinus by the fusing of 
veins is shown in Fig. 1 30. Does one artery, 
or do several arteries, leave the heart ? Inher e 
is a larger dorsal artery lying on the intestine 
and passing Back to the telson ; there are 
ffi^^arteries passing forward close to the 
dorsal surface (Figs. 89, 91). One large artery 
(the s'ferhat) passes directly downward (Figs. 

88, 91), and sends a branch forward and 
another backward near the ventral surface. 

The openings into the heart from the sinus 
have valvular lips which prevent a backward 
flow of blood into the sinus. Hence, when 

the heart contracts, the blood is sent out into the sev- 
eral arteries. The arteries take a supply of fresh blood 
to the eyes, stomach, muscles, liver, and the various 
organs. After it has given oxygen to the several organs 
and taken up carbon dioxid, it returns by veins to pass 
through the gills on each side, where it gi ve^out the use- 
less gas and takes up oxygen from the water. It is then 
led upward by veins into the pericardial sinus again. 

The central nervous system consists of a double 
chain of ganglia (Fig. 92). This main nerve chain 
lies along the ventral surface below the food tube 
(Fig. 90), except one pair of ganglia which lie 
above the esophagus or gullet (Fig. 88), and are 
called the supra-esophageal ganglia, or brain. 




Fio. 91. — Showing heart 
and main blood vessels. 


Crustacea. — The crawfish and its kindred are placed in 
the class called Crustacea. 
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Fig. 94. - Hermit Crab, 
using shell of sea snail 
lor a house. 


|)ectt|iQl9. — All Crustacea which have ten feet l)eld!;|g 
in the order called decap 'oda (ten-footed). This order 
includes the crabs, lobsters, shrimp, 
i g crabs and lobsters, are of 

considerable importance because of 
use as food. Small boys sometimes 
^ ^ Jr catch crawfish, and in some instances 

Fig. 93.— Crab from are known to cook and eat them for 

BEiow. amusement, 

the only part cooked being the 
muscular tail. The crab’s tail is 
small and flat and held under the ^ 

body (Fig. 93). F.O.^.-HKKMrrCKAB. 

Since the limy covering to serve using shell of sea snail 

the purpose of protection is not ^ house, 

soft enough to be alive and growing, it is evident that the 
Crustacea are hampered in their growth by their crbsty 

R molt. three 

Ht ^ hmes, and 

ing, while the 

95* t)RVEi.oFMENT OF A Crab, covcring is soft) 

m, naupliuAjiitt after hatchinf : *<*»; r, inegalops ; /. adult. J extensible. 

jj^hich Mage ia moat like a crayfish? Cdw||^iife , , 

with faelatiioir]>hoa«a of iiiaecu. SiHCe it IS at 
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the" mercy of "birds, fish, and other enemies while in this 
soft and defenseless condition, i\ stays hidden until the 
covering hardens. Hence it cannot eat much, but probably 
by the absorption of water the tissues grow ; that is, enlarge. 
In the intervening periods, when growth is impossible, it 
develops ; that is, the tissues and organs change in structure 
and become stronger. ** Soft-shelled crab is a popular dish, 
but there is no species by that name, this being only a crab 
just after molting which has been found by fishermen in 
spite of its hiding. 

General Questions. — How do crawfish choose their food? 
How long can they live out of water? Why do their gijils remain 
moist out of water longer than a fish? How do they breathe 
out of water? Are they courageous or cowardly animals? \|then 
they lose appendages in fighting or molting, these are readily 
reproduced, but an organ molts several times in regaining its 
size. Have you seen crawfish with one claw smaller than the 
other? Explain. 

Compare the crawfish and crab (Figs. 8i, 93, and 95) in the 
following particulars ; shape, body, eyes, legs, abdomen, habitat, 
movement. 

KEY TO THE FOUR CLASSES IN BRANCH ARTHROPODS 

^ I. Insects ... 3 body divisions, 6 legs ' 

2. Arachnids . . 2 body divisions, 8 Jegs 

3. Myriapods. . many be dy divisions, many legs 

V 4» Crustaceans . gill breathers, skeleton (external) limy 

By the aid of the key and of figures 96-105, classify the following 
Arthropods : tick, thousand-leg centipede, king crab, pill bug, spider, 
scorpicHi, beetle. 






CHAPTER VIII 


INSECTS 

The Grasshopper 

Suggestions. — Collect grasshoppers, both young and full- 
grown, and keep alive in broad bottles or tumblers and feid on 
fresh grass or lettuce. When handling a live grasshopper, never 
hold it by its legs, as the joints are weak. To keep them for 
some time and observe their molts, place sod in the bottom oi a 
box and cover the box with mosquito netting or wire gauze. 

What is the general shape of its body? (Fig. io6.) 
Where is the body thickest? Is it bilaterally symmetri- 
cal, that is, are the two sides of the 
body alike ? Is the skeleton, or hard 
part of the body, internal or external ? 

Is the skeleton as stiff and thick 
as that of a crawfish ? What is the fig. io6. — a grass- 
length of your specimen ? Its color? hoiter. 

Why does it have this coloration ? In what ways does the 
grasshopper resemble the crawfish ? Differ from it ? 

The Three Regions of the Body. — The body of the grass- 
hopper is divided into three regions, — the head, thorax, and 
abdomen. Which of these three divisions has no distinct 
subdivisions ? The body of the grasshopper, like that of 
the earthworm, is made of ringlike segments. Are the 
segments most distinct in the head, thorax, or abdomen? 
Which region is longest ? Shortest ? Stronge.st ? Why ? 
Which region bears the chief sense organs? The ap- 
pendages for taking food ? The locomotory appendages ? 
Which division of the body is most active in breathing ? 

^3 
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Mw iMomea. — About how many segments or rings in 
t|ie abdomen ? Do all grasshoppers have the same num- 
ber of rings ? (Answer for different species and different 
individuals of the same species.) The first segment and 
the last two are incomplete rings. Does the flexibility of 
the abdomen reside in the rings, or the joints between the 
rings ? Is there merely a thin, soft line between the rings, 
or is there a fold of the covering } Does one ring slip into 
the ring before it or behind it when the abdomen is bent ? 

As the grasshopper breathes, does each ring enlarge 
and diminish in size ? Each ring is divided into two parts 
by folds. Does the upper half-ring 
overlap the lower half-ring, or the 
reverse } With magnifying glass, find 
a small slit, called a spiracle, or breath- 
ing hole, on each side of each ring just 
above the side groove (Fig. io6). A 
tube leads from each spiracle. While 
the air is being taken in, do the two 
portions of the rings move farther 
Fi<;. 107.— A Grass- apart ? When they are brought 

HOI'PKR DISSFX TKl). 

together again, what must be the 
effect ? In pumping the air, the abdomen may be said to 
work like a bellows. Bellows usually have folds to allow 
motion. Is the comparison correct.^ 

How many times in a minute does the grasshopper take 
in air ? If it is made to hop vigorously around the room 
and the breathing is again timed, is there any change ? 

Find the ears on the front wall of the first abdominal 
ring (Fig. 107). They may be seen by slightly pressing 
the abdomen so as to widen the chink between it and 
the thorax. The ears are merely glistening, transparent 
membranes, oval in form. A nerve leads from the inner 


Fk'.. 107. — a Grass- 
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surface of e^tch membrane. State any advantage or dis- 
advantage in having the ears located where they are. 

dviposlt^r^ — If the specimen is a female, it has an egg- 
placer or ovipositor, consisting of four blunt projections at 
the end of the abdomen (Fig. 107). If it is a male, 
there aie two appendages above the end of the abdomen, 
and smaller than the parts of the ovipositor. Females 
are larger and more abundant than males. In laying 
the eggs, the four blunt points are brought tightly to- 
gether and then forced into the 
ground and opened (Fig. 108). By 
repeating this, a pit is made almost 
as deep as the abdomen is long. 

The eggs are laid in the bottom of 
the pit. 

]>raw a side view of the grass- 
hopper. 

Thorax. — This, the middle por- fig. ios. — grasshopper 
tion of the body, consists, of three l aying eggs. (Riby.) 
segments ^ rings (Fi^t„ J 07).._Is_the division between the 
rings most apparent above or below ? Which two of the 
three rings are more closely united ? 

The front ring of the thorax is called prothorax. Is it 
larger above or below ? Does it look more like a collar 
or a cape ? (Fig. 106.) A spiracle is found on the second 
ring {mesothoraXf or middle thorax) just above the second 
pair of legs. There is another in the soft skin between 
the prothorax and mesothorax just under the large cape or 
collar. The last ring of the thorax is called the metathorax 
(rear thorax). 

How many legs are attached to each ring of the tho- 
rax ? Can a grasshopper walk ? Run ? Climb ? Jump ? 
Fly? Do any of the legs set forward? (See Fig. 106.) 



,AmMAL BIOLOGY 


m 

Outward ? Backward ? Can you give reasons for the posi- 
tion of each pair? (Suggestion : What is the use of each 
pair ?) If art organ is modified so that it is suited to serve 
some particular purpose or function, it is said to be special- 
ised, Are any of the legs specialized so that they serve 
for a different purpose than the other legs ? 

The leg of a grasshopper (as of all insects) is said to 
have Jive parts, all the small parts after the first four parts 
being counted as one part and called the foot. Are all 
the legs similar, that is, do the short and long joints in all 
come in the same order? Numbered in order from the 



Fig. 109. — How a GRASSHf>rrER Fk;. 110. — How a Spider 


Walks. Walks. 

body, which joint of the leg is the largest, — the first, sec- 
ond, third, or fourth } Which joint is the shortest? The 
slenderest? Which joint has a number of sharp points or 
spines on it ? Find by experiment whether these spines 
are of use in walking (Fig. 106). Jumping.^ Climbing? 
In what order are the legs used in walking? How many 
legs support the body at each step ? 

All animals that have ears have ways of communicating 
by sounds. Why would it be impossible for the grasshop- 
per to have a voice, even if it had vocal cords in its 
throat? The male grasshoppers of many species make a 
chirping, or stridulation, by rubbing the wing against the 
leg. Look on the inner side (why not outer side ?) of the 
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largest joint of the hind leg for a row of small spines visi- 
ble with the aid of a hand lens (Fig. in). The sound is 
produced by the outer wings rubbing against the spines. 
Have you noticed whether the sound is 
produced while the insect is still or in 
motion } Why } The male grasshop- 
pers of some species, instead of having 
spines, rub the under side of the front 
Wing on the upper side of the hind wing. 

Wings. — To what is the first pair 

- . 1 1 1 1 ^ Fia. iiT. — .'f, Row OF 

of Wings attached t The second pair r spinf-s, c, in«d in 

Why are the wings not attached to the 

prothorax } Why are the wings attached 

so near the dorsal line of the body ? Why are the second 

and third rings of the thorax more solidly joined than the 

first and second rings ? 

Compare the first and second pairs of wings in shape, 
size, color, thickness, and use (Fig. 112). How are the 

second wings folded so as to go 
under the first wings ? About 
how many folds in each ? 

Draw a hind wing opened out. 
Head. — What is the shape of 
the head viewed from the front, the 
side, and above ? Ma^e sketches. 
What can you say of a neck ? Is 
the head movable in all directions ? 
Fig. 1 1 2. — Grasshopper in What is the position of the large 
Flight. eycs.^ Like the eyes of the craw- 

fish, they are compound^ with many facets. But the grass- 
hopper has also three simple eyeSy situated one in the middle 
of the forehead and one just above each antenna. They 
arc too small to be seen without a hand lens. How docs 
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the grasshepper’s range of vision compare with that of |h^ 
crawfish? 

Are the aiitenaue flexible ? What is their shape ? Posi- 
tion ? Are they segmented ? Touch an antenna, a wing, 
a legi atid the abdomen in succession. Which seems to be 
the most sensitive to touch? The antennae 
are for feeling; in some species of insects 
they also are organs of hearing and smelling. 

The mouth parts of a grasshopper should 
be compared with the mouth parts of a bee- 
tle shown in Fig. 113, since they correspond 

Pig. 113. clo.sely. If the grasshopper is fed with a 
blade of fresh grass, the function of each organ may be 
plainly seen. It is almost impossible to understand these 
functions by studying a dead specimen, but a fresh speci- 
men is much better than a dry one. 

The upper lip, or labrum^ is seen in front. Is it tapering 
or expanded ? In what direction is it movable? The dark 
pointed biting jaws {inandibles) are next. Are they curved" 




Pig. 114. — i/, Fogd Tube of Beetle. 

I, giixard : intestine; r, biliary ▼esseU. Sec Fig. 127, 


or straight? Sharp or blunt pointed ? Notched or smooth? 
Do they work up and down, or sideways ? The holding jaws 
{maxilla'), each with two jaw fingers {maxillary palpi), are 
behind the chewing jaws. Why? The lower lip {labium) 
has a pair of lip fingers {labial palpi) upon it The brown 
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tongue, HSuiHy bathed in saliva^ is seen in the lower part of 
the mouth. Since the grasshopper has no lips, or any way 
of producing suction, it must lap the dew in drinking. Does 
it merely break off bits of a grass blade, or does it chew? 

The heart, circulation, nervous system, digestive and res- 
piratory organs of the grasshopper agree mainly with the 
general description of the organs of insects given in the 
next section. 


, Microscopic Objects. — These may be bought ready 
mounted, or may be examined fresh, A portion of the 
covering of the large eye may be cut off and the dark layer 
on the inside of the covering scraped off to make it trans- 
parent. What is the shape of the facets } Can you make 


any estimate of 
their number? A 
portion of the 
transparent hind 
wing may be used, 
and the ‘Weins” 



in it studied A Fig. 115.— egg and molts of a grasshopper. 


thin bit of an abdominal segment containing a spiracle 
will show the structure of these important organs. 

Growth of the Grasshopper. — Some species hibernate in 
sheltered places and lay eggs in the spring, but adult species 
are scarce at that season. Most species lay the eggs in the 
fall ; these withstand the cold and hatch out in the spring. 
Those hatched from one set of eggs sometimes stay together 
for a few days. They eat voraciously, and as they grow, the 
soft skin becomes hardened by the deposit of horny sub- 
stance called chitin. This retards further growth until the 
insect molts, the skin first splitting above the prothorax. After 
hatching, there are five successive periods of growth. At 
which molt do the very short wings first appear ? (Fig. 1 1 S») 
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After the last molt the animal is complete, and changes 
no more in size for the rest of its life. There has been an 



Fk*. h6.— 
Cockroach. 


attempt among writers to restrict the term 
grasshopper to the long-winged, slender 
species, and to call the shorter winged, 
stouter species locusts according to old 
English usage. 

Economic Importance of Grasshoppers. — 
Great injury is often done to vegetation by 
grasshoppers ; however, the millions of tiny 
but ravenous eaters hatched in early spring 


are usually soon thinned out by the birds. The migra- 


tory locusts constitute a plague when they appear, and 



horse. Fio. ii8. — Ckicket. 


they have done so since ancient times. The Rocky Moun- 
tain locusts flying eastward have darkened the sky, and 
where they settled to the earth 
ate almost every green thing. 

In 1 374-5 they produced almost 
a famine in Kansas, Nebraska, 1*9 — crickh\ 

and other Western states. The young hatched away 
from the mountains were not healthy, 
and died prematurely, and their devas- 
tations came to an end. Of course the 
migrations may occur again. Packard 
calculates that the farmers of the 
*MoijR $200,0CX3,000 because of grass- 

CaicicKT. hopper ravages in 1374-5. 
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The cociroackes (Fig. 1 16), icindred <rf the grasshoppers, 
are household pests that have iuigrated almost everywhere 
that ships go. The praying mantis (Fig. 117), or devits 
horse^ also belongs to this order. It is beneficial, since it 
destroys noxious insects. Which of its legs are specialized } 
The walking stick (Fig. 121) and cricket (Fig. 118), like 
most members of the order, are vegetarian. 

Are grasshoppers more common in fields and meadows, 
or in wooded places } How many different colors have you 
seen on grasshoppers ? Which 
colors are most common ? 

Grasshoppers are very scarce 
in Europe as they love dry, 
warm countries. Why do lo- 
custs migrate ? Give an in- 
stance in ancient times. 

How long do most grass- 
hoppers live ? Does a grass- 
hopper spread its wings before 
it flics ? Does it jump and fly 
together ? Can it select the 
place for alighting ? 

Note to Teacher. — Field work in 
Zoology should be systematic. Every trip Fic. wi. - Fouk Walking Stick 
has a definite region and definite line of Insec is. 

study in view, but every animal seen should be noted. The habitat, adapta- 
tion by structure and habits to the environment, relations to other animals, 
classification of animals seen, should be some of the ideas, guiding the study. 
The excursions may be divided somewhat as follows, according as opportunities 
offer : Upland woods, lowland woods, upland pastures, fields, swamps, a fresh- 
water lake, a pond, lower sea beach, higher sea beach, sand hills along shore, 
roadside, garden, haunts of birds, insect visits to flowers, ground insects, 
insects in logs. 

An alphabetical letter file may be used for filing individual field observations. 
These should be placed before the class orally or In writing. If accepted as 
reliable (repeated and revised if necessary), the observations should he filed 
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away aad crc 4 lt given the student on a regular scale. Thus will grading and 
Ihar1cs^1)c placed to encourage intelligent study of nature rather than book 
or laboratory cram. One per cent to be added to the final grade may be cred- 
ited for every species of pupa, every rare insect (with an observed fact as to its 
habits) brought in, every bird migration observed, every instance of protective 
coloration, nmicry (p. 146), outwitting of enemy, instance of injurious insects, 
and how to combat them, etc. Sharp eyes and clear reasoning will then counf 
as much on school grades as a memory for words or mechanical following of 
laboratory directions. On scale of 100, class work = 50, examination = 25, 
field work s: 25. 

CoUnctitig Insects. — In cities and towns insects, varying with 
the season, are attracted by electric lights. Beetles and bugs will 
be found under the lights, moths on posts near the lights, grass- 
hoppers and crickets and other insects in the grass near by. A 
lamp placed by a window brings many specimens. In the woods 
and in rocky places insects are found under logs and stones, and 
under the bark of dead trees. In open places, prairies, meadows, 
and old fields with grass and flowers, it will be easy to find grass- 
hoppers, butterflies, and some beetles. Ponds and streams are 
usually rich in animal forms, such as bugs and beetles, which swim 
on or under the surface, and larvcC of dragon flies crawling on 
the bottom. Dragon flies and other insects that lay eggs on tlfc 
water are found flying ii^the air above. (In the spring, newly 
hatched crawfish, tadpoles, and the eggs of frogs and toads should 
also be collected, if found.) Moths may be caught at night by 
daubing molasses or sirup made from brown sugar upon the 
trunks of several trees, and visiting the trees at intervals with a 
lantern. 

An insect net for catching butterflies and for dredging ponds 
may be made by bending a stout wire into a circle one foot in 
diameter, leaving enough straight wire to fasten with staples on an 
old broomstick. To the frame is fastened a flour sack, or cone 
made of a piece of mosquito netting. 

Butterflies and moths should be promptly killed, or they will 
beat their wings to pieces. The quickest method is by dropping 
several drops of gasoline upon the ventral (under) side of the 
thorax and aMomen, (Caution Gasoline should never be used 
near an open fire, or lamp, as explosions and deaths result from 
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«tlie flaxii^ beiBgled throiigh the g^soline-sattirated air <;o Ae 
, tontainfng jt.) 

A cigar box arid a bottle with a notched cork may be used for 
^ holding sptcimens. Cigar boxes may be used for holding collec- 
.tions of dried insects. Cork or ribbed packing paper may be 
jpxed in the bottom for supporting the insect pins. Moth balls or 
tobacco may be placed in each box to keep out the insect pests 
which infest collections. 

It is pleasant and profitable to take to the fields a small bwk 
like this one, or even Comstock's “ Manual of Insects/* or Kel- 
logg*s “ American Insects/* and study the insects and their habits 
where they are found. 

Captured insects which, in either the larval or perfect stage, 
are injurious to vegetation, should always be killed after studying 
their actions and external features, even if the internal structure is 
not to be studied. Beneficial insects, such as ladybugs, ichneumon 
flies, bees, mantis (devil’s horse), dragon flies, etc., should be set 
free uninjured. 


Anatomy and General Characteristics of the Class 

Insecta 

The body of an insect is divided by means of two marked 
narrowings into three parts : the head, chest, and ab- 
domen. 

The head is a freely movable cap- 
sule bearing four pairs of append- 
ages. Hence it is regarded as 
having been formed by the union 
of four rings, since the ancestor of 
the insects is believed to have con- 
sisted of similar rings, each ring 
beating a pair of unspecialized legs. 

The typical mouth parts of an 
insect (Fig. 123) named in order 
from abovcr are (i) an upper lip (labrum, oi\ (2) a pair 



Fig. ia3.r"VELLow Fever 
Mosquito, showing h«sad, 
thorax, abdomen. 



of tittnjf f tiandibJ^ ok\ (3) a p^r of grasping > 

and (4) a lower lip (labium, My 
The grasping jaws bear two pairs of 
jointed jaw fingers (maxillary palpi, " 



^ Z>,X), and the lower lip bears a pair 
of '^milar lip fihgers (labial palpi, d). 


Flo. 123, — Moirrn 
Parts of BfeLE. 


.^)^^The biting jaws move sideways ; they 
usually have several pointed notches 
I which serve as teeth. Why should the 
grasping jaws be beneath the chfewing 
jaws ? Why is it better for the lower 
lip to have fingers than the upper lip ? 
Why are the fingers (or palpi) 
jointed ? (Watch a grasshopper 
or beetle eating.) Why does an 
insect need grasping jaws ? 

The chest, or thorax, consists 
of three rings (Fig. 124) called 
the front thorax (prothorax), 
middle thorax (mesothorax) and 
hind thorax (metathorax), or 
first, second, and third rings. 

The first ring 
'|>ears the first 




Fig. 124. — External Parts 
OF A Beetle. 


pair of legs, the second ring bears the 
second pair of legs and the upper or front 
wings, and the third ring bears the thirds 
pair of legs and the under or hind wings. 

The six feet of insects are characteristic of 
them, since no other adult animals have that 
number, the spider having eight, the craw- 
fish and crabs having ten, the cen^pedes still more, whtifi 
the birds and beasts have less fhan six. Hence the insects * 


FiO. las. 
or INSRCX 


f |jSr6 ^ Six-Footed class 

mSectjJ tfi the only animals that h^v||||he^ body ia 
div&lohs. Man^ beastSi and birds have only two 
ijiVisioiis (head and trunk) ; worms* are not divided. 

Beflao th|,e cfessf insecta by the tij^o lacts characteristic of 
them possessed by them alone), viz. : Insects are ani- 
mals with and — . Why would it be ambigf- 

UQUS to include hard outer skeleton '' in this definition ? To 
include bilateral symmetry " ? Segmented body *’ } The 
definition of a class must include all the individuals of the class, 
and exclude all the animals that do not belong to the i lass. 

The leg of an insect (Fig. 125) has five joints (two short 
joints, two long, and the foot). Named in order from above, they 
are (i) the hip (coxa), (2) thigh ring (trochanter), (3) thigh 
(fenjur), (4) the shin (tibia), (5) the foot, which ' 

|ias five parts. Which of the five^^^ts of a 
waspVleg^Fig. 122) is thickest? Slenderest? 

Shortest? One joint (which?) of the foot 
’(Fig. 122) is about as long as the other four 126. — Foot or 
Joints of the foot combined. Is the relative j ly, with cUmbiug 

length of the joints of the leg the same in 
grasshoppers, beetles, etc., as in the wasp (Figs.)? Figure 125 is 
a diagram of an insect’s leg cut lengthwise. The leg consists of 
thick-called tubes (<?, n) with their ends held together by thin, 
easy-wrinkling membranes which serve as joints. Thus motion is 
provided for at the expense of strength. When handling live 
insects the^ should pever be held by the legs, as the legs come 
► oflF#ery easily. Does the joint motion of insects most resemble 
the motion of hinge joints or ball-and-socket jointsi Answer by 
tests of living insects. There are no muscles in the foot of an 
t insect. The claw is moved by a muscle {m) in the thigh with which 
it fe*^pnected by the long tendon (s, s, /, p). In which part arc 
tbf breathing muscles? As the wings are deve loped from folds 

Ih e dor^ skin^ the irfhgli^rivo layers^ an up]^* ajid a iQwei 

“msrvfa" or rit^jTr the wing, 

• tKh ^ j^icb consitts o| a bio^^^be indofed in an air tube. 
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The abdomen in various species consists of from five 
to oieven overlapping rings with their foldiikc joints be- 
tween them. Does each ring overlap the ring in front 
or the one behind it ? 

The food tube (Fig. 127) begins at the mouth, which 
usually bears salivary glands (4, Fig. 127, which repre- 
sents internal organs of the grasshopper). The food tube 
expands first into a croplike enlargement; next to this 
is an organ (6, Fig. 127), which resembles the gizzard 



Fu;. 107, — ViSt’KRA OF 
GRASsnoPTKR, Key 
in text. Compare vvilh 
Fig. 1x4. 



Fig. 128. — Air Tubes of Insect. 


in birds, as its inner wall is furnished with chitinous teeth 
{b^ Fig. 114). These reduce the food fragments that were 
imperfectly broken up by the biting jaws before swallow- 
ing. Glands comparable to the liver of higher animals 
open into the food tube where the stomach joins the small 
intestine. At the junction of the small and large intestine 
(9) are a number of fine tubes (8) which correspond to 
kidneys and empty their secretion into the large intestine. 

The breathing organs of the insects are peculiar to 
them (see Fig. 128). They consist of tubes which are 


ijsrsjscTS 
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Fit;. 129. 
1 N SWT's 
1 \ EA RT 
(plan). 


kept open by having in their walls continuous spirals of 
horny material called c/ntm. Most noticeable are the 
two large membranous tubes filled with air and 
situated on each side of the body. Do these 
tubes extend through the thorax? (Fig. 128.) The 4 

air reaches these two main tubes by a number 
of pairs of short windpipes, or iracheas^ which 
begin at openings {spiracles). In which division 

are the spiracles most numerous? (Fig. 12S.) 

! Which division is 

^ without spiracles ? * nsrct's 

C Could an insect 

J I > 

IAIiA* smothered, by holding its 

M body under water ? Could 

OF PERICAKOIAI. sac around in- bc drowiicd by immersing 
sect's heart from a number of veins all of it but itS head ? The 

(Latikester). motion of the air thrcvugh 

the breathing tubes is causc.d by"a bdl^wsirkc motion of the 
abdomen. This is readily^ observed in grasshoppers, beetles, 
and! wasps. As each niig slips into the ring in front of it, 
the abdothen is shortened, and the impure air, laden with 
carbon dioxid, is forced out. As the rings slip out, the 
abdomen is extended 
and the fresh air comes 

The Circulation. — 

Near the dorsal surface fig. 131. — position of insect's heart. 
of the abdomen (Fig. food tube, and nerve chain. 

131) extends the long, slender heart (Fig. 129). The heart 
has divisions separated by valvelike partitions. The blood 
comes into e ach of the heart , compartments through a pair 
of openings. The heart contracts from the rear tp^ard 
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tfee {ront, driving,, the blood forward. The blood contains 
bodies corresponding to the rvhite corpuscles of human 
blood, but lacks the red corpuscles and the red color. The 
blood Is sent even to the wings. The veins in the wings 
consist of homy tubes inclosing tubes surroulided 
by blood spaces” and the purification of the blopd is 
taking place throughout the course 
of the circulation. Hence the im- 
perfect circulation is no disadvan- 
tage. The perfect provision for 
supplying oxygen explains the 
remarkable activity of which in- 
sects are capable and their great 
strength, which, considering their 
size, is unequaled by any other 
animals. 

Fig. 13a. — Nervous sys- The Nervous System. — The 
TEMOFaKE. heart in backboned animals, 

man, is ventral and the chief nerve trunk is dorsal. As 
already stated, the heart of an insect is dorsal; its chief 
nerve chain, consisting of a double nnv of ganglia, is near 
the ventral .surface (Fig. 13 1). All the ganglia are below 
the food tube except the first pair in the head, which are 
above the gullet. This pair may be said to 
correspond somewhat to the brain of backboned 
animals; the nerves from the eyes and feelers 
lead .^p it With social insects, as bees and 
ants, it is large and complex (Fig. 132), In a 
typical insect they arc the largest ganglia. ^ ^ __ 

The Senses. — The sense of smell of most in- feeler 
sects is believed to be located in Jhe feelers. 

The organ of hearing is variously located in different in- 
sects. Where is it in the grasshopper? The organs of 
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sight tiighly developed, and consist of two compound 
eyes on the si^e of the head and three simple eyes on the 
top or froB^'iof the head between the com- 
pound eyes. The simple eye has nerve 
cells, pigments, and a lens resembling 
the lens in the eyes of vertebrates (Fig. 

134). The compound eye (Fig. 135) has 
thousands of facets, usually hexagonal, 
on its surface, the facets being the outer 134 — Diagram 

of simple eye of 

ends of cones which have their inne^ inst.:t. 



ends directed toward the center of the lens: .v, optic 
eye. It is -probable that the large, or 
compound, eyes of insects only serve to distinguish bright 
objects from dark objects. ^The simple eyes afford dis- 

tinct images of objects within a 

few inches of the eye. In gen- 
sight of insects, contrary 
to what its complex sight organs 
would lead us to cx})cct, is not at 
all keen. Yet an insect can fly 
* .-7 through a forest without striking 

^ ^ branch. Is it better for 

the eyes that are immovable in 
OF INSECT. hc2i,d to be large or small r 

t, hexagonal facets of crystaiHne Which has Comparatively larger 

cones. 6. blood vessel in optic nerve. ^ p 

Inherited Habiti or Instinct* — Insects and other ani- 
mals inherit from tHeir parents their particular form of 
body and of organs which perform the different functions. 
For example, they inherit a nervous system with a struc- 
ture similar to that of their parents, and hence with a ten- 
dency to repeat similar impulses and acts. Repeated acts 
constitute a habit, and an inherited ha^it is called an inr 




Fig, 135. —Compound Eye 
OF Insect. 

X, hexagonal facets of crystalline 
cones. 6 , blood vessel in optic nerve. 
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stinct. Moths, for example, are used to finding nectar in 
the night-blooming flowers, most of which are white. The 
habit of going to white flowers is transmitted in the struc- 
ture of the nervous system ; so we say that moths have 
an instinct to go to white objects ; it is sometimes more 
obscurely expressed by saying they are attracted or drawn 
thereby. 

Instincts are not Infallible. — They are trustworthy in 
only one narrow set of conditions. Now that man makes 
many fires and lights at night, the instinct just mentioned 
often causes the death of the moth. The instinct to 
provide for offspring is necessary to the perpetuation of 
all but the simplest animals. The dirt dauber, or mud 
wasp, because of inherited habit, or instinct, makes the 
cell of the right size, lays the egg, and provides food for 
offspring that the mother will never see. It seals stung 
and semiparalyzed spiders in the cell with the egg. If 
you try the experiment of removing the food before the 
cell is closed, the insect will bring more spiders ; if they 
arc removed again, a third su])ply will be brought; but if 
taken out the third time, the mud wasp will usually close 
the cell without food, and when the egg hatches the grub 
will star\x. 

The Development of Insects. — The growth and molting 
of the grasshopper from egg to adult has been studied. 
All insects do not develop exactly by this plan. Some 
hatch from the egg in a condition markedly different from 
the adult. The butterfly’s egg prodlices a wormlike cater- 
pillar which has no resemblance to the butterfly. After 
it grows it forms an inclosing case in which it spends a 
quiet period of development and comes out a butterfly. 
This change from caterpillar to butterfly is called the 
metamoff basis. The life of an insect is divided into four 
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stages : (i) eg^, (2) larva, (3) pupa, and {4) imago, or per- 
fect msect (Figs. 136, 137, 138). -- 

The egg stage is one of development, no nourishment 
being absorbed The larval stage is one of voracious feed- 
ing and rapid growth. In the pupa 
stage 110 food is taken and there is 
no growth in size, but rapid devel- 
opment takes place. In the per- 
|fect stage food is eaten, but no 

j growth in size takes place. In this p,,.,. ,36._Moas„rinKworm. 
stage the eggs are produced. When larva of a mot i. 

there is very little resemblance between 
the larva and imago, and no piipnl stage, 
the metamorphosis, or change, is said to be 
complete. When, as with the grasshopper, 
no very marked change takes place between 
the larva and imago, there being no pupal 
ric. 137.— Pupa the metamorphosis is said to be in- 

of a mosquito. complete. By studying the illustrations and 
specimens, and by thinking of your past observations of 
insects, determine which of the insects in the following list 
have a complete metamorphosis: beetle, house fly, grass^ 
hopper, butterfly, cricket, wasp. 





Fig. 138. — The Four Stages of a Botfly, all enlarged. 

0^ egg on hair of horse (bitten off and swallowed) ; h, larva; c, larva with hooks for holding 
to lining of stomach; d, pupal stage, passed in the earth; e, adult horse fly. 
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RECOGNITION-CHARACTERS FOR THE PRINCIPAL 
ORDERS OF ADULT WINGED INSECTS 

^All are wingless when young, and wingless adult forms occur 
in all the orders ; order Afiera lacks wing-bearing thoracic 
structures.) 

A single pair of wings is characteristic of the order Diptera. 

A jointed beak, that is sheath-like, inclosing the other mouth 
parts, is characteristic of the order Hemiptera. 

A coiled sucking proboscis and a wing covering of dust-like 
microscopic scales are characteristic of the order Lepidopiera. 

Horny sheath-like fore wings, covering the hind wings and 
meeting in a straight line down the middle of the back, will dis^ 
tinguish tlie order Coleopiera. 

Hind wings folded like a fan beneath the thickened and over- 
lapping fore wings, will distinguish most members of the order 
Orthopit.ra, 

The possession of a sting (in females) and of two pairs of thin 
membranous wings — the small hind wing hooked to the rear mar- 
gin of the fore wing — will distinguish the common Hvmenopxera. 

Besides these, there remain a number of groups most of which 
have in the past been included under the order Neuroftera, 
among which the Mayflies will l)e readily recognized by the lack 
of mouth parts and by the possession of two or three long tails ; 
the dragon flies by the two pairs of large wings, enormous eyes, and 
minute bristle-like antennae ; the scorpion flies, by the possession 
of a rigid beak, with the mouth parts at its tip ; the caddis flies, 
by their hairy wings and lack of jaws ; the lace wings, by the 
exquisite regularity of the series of cross veins al)out the margin 
pf th^ir wings, etc. 
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Fig. 139. — May Fly. What order (see table) ? 

Exercise in the Use of the Table or Key - 

Write the name of the order after each of the fol- 
lowing names of insects : — 

Wasp (Fig. 122) House fly (Fig. 172) 

Weevil (Fig. 163) Flea (Fig. 173) 

Squash bug ( Fig. 184) Silver scale or earwig 
Ant lion (Fig. 170) (Fig. 140) 

Dragon fly (Fig. 177) Codling moth (Fig. 141) 
Ichneumon fly (Fig. 159) Botfly (Fig. 138) 



Fig. 140. — Silver 
Scale. (Older?) 


Moths and Butterflies. — Order ^ Why (p. 82) ^ 

The presence of scales on the wings is a never-failing 
test of a moth or butterfly. The wings do not fold at all. 
They are so large and the legs so weak and delicate 
that the butterfly keeps its balance with difficulty when 
walking in the wind. 

The maxillae are developed to form the long sucking 
proboscis. How do they fit together to form a tube.^ 
(See Fig. 147.) The proboscis varies from a fraction of an 
inch in the ‘‘miller’* to five inches in some tropical moths, 
which use it to extract nectar from long tubular flowers. 
When not in use, it is held coiled like a watch spring under 
the head (Fig. 148). The upper lip (labrunii), under/lip. 
(labium), and lip fingers (labial palpi) are very small, arid 
the mandibles small or wanting (Fig. 146). 

The metamorphosis is complete, the contrast between 
the caterpillar or larva of the moth and butterfly and the 
adult form being very great The caterpillar has the 
three pairs of jointed legs typical of insects ; these arc 
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found near the head (Fig. I4i)' also from three 

to five pairs of deshy unjoin ted proplegs, one pair of 
which is always on the last segment. How many pairs 
of proplegs has the silkworm caterpillar? (Fig. 143.) 
The measuring worm, or looper? (Fig. 136.) The pupa 
has a thin shell. Can you see external signs of the 
antennas, wings, and legs in this stage? (Fig. 143.) The 
pupa is concealed by protective coloration, and is some- 
times inclosed in a silken cocoon which was spun by the 
caterpillar before the last molt Hairy caterpillars are 
uncomfortable for birds to eat. The naked and brightly 
marked ones (examples of warning coloration) often con- 
tain an acrid and distasteful fluid. The injuries from 
iepidoptera are done in the caterpillar stage. The codling 
moth (Fig. 14 1 ) destroys apples to the estimated value of 
$6,ooo,cx)0 annually. The clothes moth (Fig. 171) is a 
household pest The tent caterpillar denudes trees of their 
leaves. The only useful caterpillar is the silkworm .(Fig. 
143). In Italy and Ja[)an many of the country dwellings 
have silk rooms where thousands of these caterpillars are 
fed and tended by women and children. Why is the cab- 
bage butterfly so called? Why can it not eat cabbage? 
Why does sealing clothes in a paper bag prevent the 
ravages of the clothes moth ? 

Flight of Lepidoptera. — Which appears to use more ex- 
ertion to keep afloat, a bird or a butterfly ? Explain why. 
Of all flying insects which would more probably be found 
highest up mountains ? How docs the butterfly suddenly 
change direction of flight ? Does it usually fly in a straight 
or zigzag course ? Advantage of this ? Bright colors are 
protective, as Iepidoptera are in greatest danger when at 
rest on flowers. Are the brightest colors on upper or 
under side of wings of butterfly ? Why ? (Think of the 
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colors in a flower.) Why is it better for moths to hold 
their wings flat out when at restK Where are moths dur- 
ing the day? How can you test whether the color of the 
wings is given by the scales ? 

State how moths and butterflies differ in respect to: 
body, wings, feelers, habits. 

Insects and Flowers. — Perhaps we are i ndebted to in.* 
sects for the bright colors and sweet honey of flowers. 
Flowers need insects to carry tlicir pollen to other flowers, 
as cross-fertilization produces the best seeds. The insects 
need the nectar of the flowers for food, and the bright 
colors and sweet odors are the advertisements of the 
flowers to attract insects. Flowers of brightest hues are 
the ones that receive the visits of insects. Moths, butter- 
flies, and bees carry most pollen (see Plant Biology, 
Chap. VI). 

Comparative Study. — Make a table like this, occu])ying entire page 
of notebook, leaving no margins, and fill in accurately: — 


1 

Grass- 

Butter 

PI.Y 

Fi.y 

PP- 92. 93 

j Dkaoon 
f’l.V, p. 93 

Bkkti k 

pp. 90, 

r Bee 

1 pp. 8S, 89 

Number and kind 
of wings 

1 




1 

1 


Description of legs 







Antennae (length, 
shape, joints) 







Biting or sucking 
mouth parts 







Complete or incom* ; 
plete metamor- 
phosis 
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lUi^ated Studies 

. 'i V 

To THE Tea^KER : Tkese iUtisirated studies require 
slower and more careful study than the text One, or at 
most isno, studies will si(jice for a lesson. The auestions can 
be dkswered by^ studying the figures. We^ observers will 
often fail anfi they should not be told, but should try again 
until they succeed. 


Figs. 141-148. Illuatrated Study of Lepidoptera. — 

Study the stnges in the development of codling moth, silk- 
worm moth, and cabbage butterfly, 

"Where does each lay its eggs ? What does the larva of 
each feed upon ? Describe the pupa of each. Describe 
the adult forms. Find the spiracles and prolegs on the 
silkworm. Compare antenna of moth and butterfly. 
Which has larger body compared to sire of wings ? 

Describe the scales from a butterfly’s wings as seen under 
microscope (144). How are the scales arranged on moth’s 
wing (14s) ? By what part is scale attached to wing ? Do 
the scales overlap ? 

Study butterfly’s head and proboscis (Figs. 146-148). 
What shape is compound eye? Are the antennae jointed ? 
Is the proboscis jointed ? Why not call it a tongue ? 
(See text.) 

Which mouth parts have almost disappeared ? What is 
the shape of cut ends of halves of proboscis? How are 
the halves joined to form a tube ? 

If you saw a butteifly on a flower, for wliat purpose 
would you think it was there? What, if you saw it on a 
leaf? How many spots on fore wing of female cabbage 
butterfly? (Fig. 124, above.) 

Does the silkworm chrysalis fill its cocoon ? Eggs may 
be obtained from U. S. Dept, of Agriculture. 
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Fig. 145.— Scales 
ON Moth’s Wing, 



Fig. 146. — Head 
OF Butterfly. 


Fig. 148. — Head 

OF BUTI'ERFLY 
(side view). 




Fig. 147. — Section 
OF Proboscis o! 
butterfly .showing 
lapping joint and 
dovetail joint. 
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FIG. 154. 


Fig, 155. 


Fig. 156. 




Fig. 157. 


Figs. I49-*i6i. Illustrated 

Study of Bees and their Kin- T ^ 

flr©4. HtMil of worker {¥\g. ^ 

kf, jiiw fingt;r : ^//, lip finger ; / 

3, tonRiic. 

How do heads of drone 

(1^0) and queen (151) differ FiG. 158.- Anatomy of bee. 

as to mouth, size of the two 

compound eves, sire and i^sifion of the three simple eyes ? Is the head of a 
worker more like head of drone or head of queen .> Judging by the bead, which 
is the queen, drone, and worker in Figs. 154-156 ? Which of the three is largest ? 

Smallest ? Broadest ? . „ vi i. 

Figure 15a shows hind leg of worker. What surrounds the hollow, us, which 
serves as ix>llen baskH ? The point, fk, is a tool for removing wax which is 
secreted (r, Fig. 157) between rings on alidomen. In Fig. 158, fi^»d relative 
positions of heart, food tube, and nerve chain. Is crop./, in thorax or abdo- 
men ? In this nectar is «hi^ed to honey, that it may not spoil. Comparo 
itctfve chain In Fig. 13a* 
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Compare the frcells of 
bumble bee (Fig, 153) with 
those of hive bee. They 
differ qiot only in shape but 
in material, being made of 
web instead of wax, and 
they usually contain larvae 
instead of honey. Only a 
few of the queens among 
bumble bees and wasps 
survive the winter. How 
do ants and honey bees 
provide for the workers 
also to survive the win- 
ter? Name all the social 



insects that you can think of. Do 
they all belong to the same order ? 

'Fhe ichneumon fly shown enlarged in 
Fig. 159 lays its eggs under a caterpillar’s 
skin. What becomes of the eggs ? The 
true size of the insect is shown by the 
cross lines at a. 'Ihe eggs are almost 
microscopic in size. The pupae shown 
(true size) on caterpillar arc sometimes 
mistaken for eggs. The same mistake is 
made about the pupa cases of ants. 
Ichneumon flies also use tree-borers as 
“ hosts " for their eggs and larva. Is 
this insect a fi iend of man ? 

The digging zvasp (Figs. 160 and 161) 
supplies its larva with caterpillars and 
closes the hole, sometimes using a stone 



as pounding tool. Among the few 


other uses of tools among lower 
animals are the elephant's use 
of a branch for a fly bmsh. and 
the ape’s use of a walking stick. 
This wasp digs with fore feet 
like a dog and kicks the dirt 
out of the way with its - hind 
feet. 

Are the wings of bees and 
wasps more closely or less 
closely veined than the wings 
of dragon flies? (Fig. 177.) 
For an interesting account 
of the order *' Joined-wings 
(bees and their kindred) see 



Comstock^s *' Ways of the Six- From ** Solitary Wasp*,** 


footed,** Ginn & Co, 


Hougham, Mifflin & Co. 
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mastrated Stady of Beetles (Figs. 162-169). — Write the life history of the 
Colorado beetle^ or potato bug (Fig. 169), stating where the eggs are laid and describ- 
ing the form and activities of each stage (the pupal stage, b, is passed in the ground). 

Do the same for the May beetle (Figs. 167-168). (It is a larva — the white 
grub — for throe years; hogs root them up.) Beetles, hke moths, may be trapped 
with a lantern set above a tub of water. 

Where does a Scarab (or sacred beetle of the F.gyplians) , also called tumble 
bug (Fig. 164), lay its eggs (Fig. 165)? Why? 

How does the click beetle, or jack snapper (Fig. 166), throw itself into the air? 
For what purpose ? 

The large proboscis of the u^eevil (Fig. 163) is used for pierci ig a hole in which 
an egg is laid in grain of corn, boll of cotton, .rorn, chestnut, plum, etc. 

|iow are the legs and body of the diving beetle suited for swimming (Fie. l6a)? 
Describe its larva. 

What is the shape of the lady bug (Fig. 97) ? It feeds upon plant lice (Fig. 185), 
Is anv beetle of benefit to man ? 




Fig. 170. — Lite history of ant lion. 

niastTAted Study of Ant Lion, or Doodle Bug (Fig. 170).— Find the pitfall 
{what shape ?) ; the larva (describe it) the pupa case (ball covered with web and 
sand) ; the imago. Compare imago with dragon fly (Fig. 177)* 

* How does ant lion prevent ant from climbing out of pitfall (see h ig- 170)^ 
What is on edge of nearest pitfall ? Explain* 

Ant lions may tie kept in a box half filled with sand and fed on ant.s. How li 
the pi^all dug ? What part of ant is eaten ? How is unused food removed ? 

How long is it in the larval state? Pupal state ? Keep net over box to pfe- 
vent adult from flying away when it emerges* 




Fid. 174.-— Louse and 
irs eggs attached to a 
hair. Natural size 
and magnihcd. 
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Dlttstnted Study of Insect Pests (Figs. 171-176),— Why does the clatk*t 

moth ( 17 ?) lay eggs upon woolen clothing ? How does the larva conceal itself ? 
The tarvn can cut thrqugh paper and cotton, > %.*♦ sealing clothes in bags of paper 
or conon protet^r them. Explain. 

The house fiy eats liquid sweets. It lays its eggs in horse dung. Describe its 
larvral and pupal forms. Banishing horses from city would have what beneficial 
effect ? 

Describe the louse and its eggs, which are shown attached to a hair, natural sise 
and enlarged. 

Describe the bed bug. Benzine poured in cracks kills bed bugs. Do bed 
bugs bite or suck ? Why are they wingless ? 

Describe the larva, /, pupa, g, and the adult ftea, all shown enlarged. Its 
maridibles, b, b, are used for piercing. To kill fleas lather dog or cat completely 
and let lather remain on five minutes Iiefore washing. Eggs are laid and fust 
stages passed in the ground. 

How does the mosquito lay its eggs in the water without drowning (176) t Why 
are the eggs always laid in still water ? Which part of the larva (vvrgglet til) is held 
to the surface in breathing ? What part of the pupa (called tumbler, or bull head) 
is held to the surface in breathing ? Give differences in larva and pupa. Wlicrc 
does pupa change to perfect insect ? Describe month part*; of male mosquito (at 
left) and female (at right). Only female mosquitoes suck blood. Males suck 
juice of plants. Malarial mosquito alights with hind end of body raised at an 
angle. For figure see Human Biology, Chap. X. Why does killing fish and frogs 
increase mosquitoes? i oz. of kerosene for 15 ft. of surface of water, renewed 
monthly, prevents mosquitoes. 

What is the use to the squash bug (Fig. 184) of having so bad an odor ? 



Fio. 177. niustratad Study of Dragon Ply.— -3 .thows dragon fly laying its 
eggs in water while poised on wing. Describe the larval form (water* tiger). The 
extensible tongs are the maxilla enlarged. The pupa (l) is active and lives in 
water. Where does transformation to adult take place (5) ? Why arc eyes of 
adult large ? its legs small ? Compare front and hind wings. 

Do the eyes touch each other ? Why is a long abdomen useful in flight ? 
Why would long feelers be useless ? What is the time of greatest danger in the 
development of the dragon fly ? What other appropriate name has this insect ? 
Why should wc never kill g dragon fly ? ^ 
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FIG. 179. — Trap-door 
spider. 


I'hc tara»>tula. 


1 




Fig. 181. — Anatomy of spider. 




7 .. 


Fig. 182. — living egg- 


r IG. 1 33. — Foot of spider. 


Illustrated Study of Spiders (Figs. 178-183). — Thti tarantula, like most spi- 
ders, has eight simple eyes (none compound). Find them. (Fig. 178). How do 
spiders and insects diflfer in body ? Number of legs ? Which have more joints to 
legs? Does trap-door spider hold the door closed (Fig. 179)? How many pairs 
of spinnerets for spinning web has a spider (.S)»w, 180) ? Foot ot spider has how 
many claws? How many combs on eUws for holding web? Spiders spin a 
cocoon for fiolding eggs. From what pait of abdomen are eggs laid {E, i8a; 
a, 181) ? Find spider's air sacs, /«, Fig. i 3 i ; spinning organs, sp; fang, ; poison 
gland, ,4^; palpi,/'/; eyes, nerve ganglia, 144^; sucking tut»e, jr ; .stomach, rf; 
intestine, ma ; liver, /#; heart, h, (black) ; vent, a. Give two reasons why a spicier 
is not an insect. How dws it place its feet at each step (Fig. iio) ? (Does the 
sise of its nerve ganglia indicate great or little intelligence ? Why do you think 
first part of l>ody cx)rrcsponds to lioth head and thorax of insects ? 





INSECTS 


95 


The following Farmer's Bulletins are available for free 
distribution to those interested, by the U. S. Department 
of Agriculture, Washington, D.C. : — 



Fig. 184. — Squ.(sh bug, or 
stink bug. 


Farmer’s Bulletin No. 47, Insects affecting the Cotton Plant ; 
No. 59, Bee Keeping; No. 70, The Principal Insect PInemies of 
the Grape ; No. 80, The Peach Twig 
Borer; No. 99, Three Insect Enemies 
of Shade Trees; No. 120, The Principal 
Insects affecting the Tobacco Plant ; 

No. 127, Important Insecticides; No. 

132, The Principal Insect Enemies of 
Growing Wheat; No. 145, Carbon Bi- 
sulphid as an Insecticide ; No. 146, 

Insecticides and P'ungicidcs ; No. 152, 
revised. Mange in Cattle; No. 153, Orchard Enemies in the 
Pacific Northwest; No. 155, How Insects affect Health in Rural 
Districts; No. 159, Scab in Sheep; No. 165, Silkworm Culture ; 
No. 17 1, The Control of the Codling Moth; No. 172, Scale In- 
sects and Miles on Citrus Trees; No. 196, Usefulness of the 
Toad; No. 209, Controlling the Boll Weevil in Cotton Seed and 
at Ginneries ; No. 2 it, The Use of Paris Green in controlling the 

Cotton Boll Weevil ; No. 212, 
'Phe Cotton Bollworm ; No. 
2 1 6, The Control of the Boll 
Weevil; No. 223, Miscellane- 
ous Cotton Insects in Texas; 
No. 247, The Control of the 
Codling Moth and Apple Scab. 

The following bulletins of 
the Bureau of Pmtomology may 
be obtained from the same source at the prices affixed : Bulletin 
No. 25 (old series), Destructive Locusts, 15c. ; No. i (pew series), 
The Honey Bee, 15c. ; No. 3, The San Jos^ Scale, loc. ; No. 4, 
The Principal Household Insects of the U. S., loc. ; No. ii, The 
Gypsy Moth in America, 5c. ; No. 14, The Periodical Cicada, 
15c.; No. 15, The Chinch Bug, loc. ; No. 16, The Hessian Fly, 
IOC. ; Nos. 19, 23, and 33, Insects Injurious to Vegetables, loc. 



Fig. 185. — Female plant louse, with and 
• without wings (enlarged). 
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each ; No, 25, Notes on Mosquitoes of the U. S., roc. ; No. 42 
Some Insects attacking the Stems of Growing Wheat, Rye, Barley, 



Fig. 186. — Gall fly (enlarged) and oak 
gdll with larva, and one from which 
a developed insect has escaped. 


account of the struggle of a 
enemy. 


and Oats, sc.; No. 50, Jhe 
Cotton Bollworm, 250. ; No. 51, 
The Mexican Boll Weevil, 25c. 

Bureau of Plant Industry — 
Bulletin No. 88, Weevil-resisting 
Adaptations of the Cotton Plant, 
IOC. This gives an instructive 
for existence against an insect 



Fig. 187. — Wtr\il on a Corylus or filber+ 



Pearl dlTera. 


CHAPTER IX 
MOLLUSKS 

The Fresh-water Mussel 

Suggestions. — The mussel is usually easy to procure from 
streams and lakes by raking or dredging. In cities the hard- 
shelled clam, or quahog, is for sale at the markets, and the follow- 
ing descriptions apply to the anodon, unio, or quahog, with 
slight changes in regard to the siphons. Mussels can be kept 
alive for a long time in a tub with sand in the bottom. Pairs of 
shells should be at hand for study. 

External Features. — The shell is an elongated oval, 
broader and blunter at one end (Fig. r88). Why does 
the animal close its shell ? Does it open the shell ? 
Why } Does it thrust the foot forward and pull up to it, 
or thrust the foot back and push (Mussels and clams 
have no bones.) Does it go with the blunt or the more 
tapering end of the shell forward? (Fig. i8g.) Can a 
mussel swim ? Why, or why not ? 
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Lay the shells, fitted together, in your hand with the hinge 
side atmy from you and the bbint end to the /(//‘(Fig. i88). 

Is the right or the left shell 
uppermost.? Which is the 
top, or dorsal, side ? Which 
is the front, or anterior, 
end ? Is the straight edge 
at the top or the bottom ? 
Our word ‘'valve is derived 
from a word meaning shell, 
because the Romans used 
shells for valves in pumps. Is the mussel a univalve or a 
bivalve ? Which kind is the oyster ? The snail .? 

Does the mussel have bilateral symmetry ? Can you 
find a horny eovenngy or epidermis, over the limy shell 
of a fresh specimen .? Why is it necessary Does water 
dissolve lime .? Morn .? Find a bare spot. Does any of 
the shell appear to be missing there .? 

The bare projection on each shell is called the umbo. 
Is the umbo near the ventral or the dorsal line.? The 
posterior or anterior end ? Is 
the surface of the iimbones 
worn .? Do the umbones rub 
against the sand as the mussel 
plows its way along ,? How’ are 
the shells held together ? Where 
is the ligament attached .? (Fig. 

189.) Is it opposite the um- 
bones or more to the front or 
rear? (Fig. 189.) Is the liga- 
ment of the same material as the shell ? Is the ligament 
in a compressed condition when the shell is open or when 
it is closed ? (Fig. 189.) When is the muscle relaxed .? 



Fio. 189 .— Diagram of Shell 
open and closed, showing mus- 
cle, and ligament, b. 
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Fin. 190.-- Musskl crawl- 
ing In sand. 


Notice the lines on the outside of the shell (Figs, 188 
and 190). What point do they surround ? They are /*ms 
of growth. Was each line once the 
margin of the shell? If the shell 
should increase in size, what would 
the present margin become? (Fig. 

1 9 1.) Does growth take place on 
the margin only? Did the shell 
grow thicker as it grew larger? 

Where is it thinnest? i^o.— musskl crawi- 

Draw the outside of the shell from in sand, 

the side. Draw a dorsal view. By the drawing ' write the 
names of the margins of the shell (p. 98) and of other parts 
learned, using lines to indicate the location of the parts. 

Study the surface of the shell inside and out. The 
inside is called mother-of pearl. Is it of lime? Is the 
deeper layer of the shell of lime? (When weak hydro- 
chloric acid or strong vinegar is dropped on limy substances, 
a gas, carbon dioxid, bubbles up.) Compare the thickness 
of the epidermal layevy the middle chalky layers and the 
\x\noXy pearly layer. 

Anatomy of the Mussel. — What parts protrude at any 
time beyond the edge of the shell ? (Fig. 190.) The shell 
I3. is secreted by two folds of the outer 

layer of the soft body of the mus-| 
sel. The.se large, flaplike folds hang > 
down on each side, and are called ; 
tjie mantle. The two great flaps 

^"change ounLhl ^hc mantle hang down lower than 
ment of muscles as mussel the rcst of the body and line the 
enlarges. (Morgan.) j^. gecretes (Fig. 192). 

The epidermis of the mantle secretes the shell just as the 
epidermis of the crawfish secretes its crust. Can you find 


par 

Fig. 191. — Diagram. 
Change of points of attach- 
ment of muscles as mussel 
enlarges. (Morgan.) 
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%5 pallial line, or the line to which the mantle extended 
oi#ji.each shell when the animal was alive ? A free portion 
of the mantle extended like a fringe below the pallial line. 

A The shells were held together by 

^^0 large adductor muscles. The 
anterior adductor (Fig. 193) is near 
front end, above the foot. The 
posterior adductor is toward the rear 

anterior. Can you find both muscle 
shells ? Are they nearer 
\ rool^AHTL^f ventral or dorsal surface ? The 
points of attachment traveled down- 

FIG. 1 P 2 . — C ROSS S KCTK > N * 

uF musskr. (Diagram, Ward and farther apart as the ani- 
after Parker.) grew (sec Fig. 191). Higher 

than the larger scars are small scars, or impressions, where 
the protractor and retractor muscles that extend and draw 
in the foot were attached. 

The muscular foot extends downward in the middle, half- 
way between the shells (Fig. 193). On each side of the 
foot and behind 
it hang down 
the two pairs of . 
gUls, the outer 
pair and the in- 
ner pair (Fig. 

192). They may 
be compared to 
four V-shaped 

^ Fh;. 193. — Anatomy of Mussf.i.. (Beddard.) 

troughs with 

their sides full of holes. The water enters the troughs 
through the holes and overflows above. Is there a marked 
difference in the size of the two pairs of gills } A kind of 


Fh;. 193. — Anatomy of Mussf.i.. (Beddard.) 
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chamber fot* the gills is made by the joining of the mantle 
flaps below, along the ventral line. The mantle edges are 
separated at two places, leaving openings called exhaknt 
and inhalent siphons. 

Fresh water with its oxygen, propelled by cilia at the 
opening and on the gills, enters through the lower or 
inhalent siphon, passes between the gills, and goes to an 
upper passage, leaving the gill chamber by a slit which 
separates the gills from the foot. 

For this passage, see arrow 
(Fig. 194). The movement of 
the water is opposite to the way 
the arrow points. After going 
upward and backward, the water 
emerges by the exhalent siphon. 

The gills originally consisted of 
a great number of filaments. 

These are now unit ed, but not 
completely so, and the gills still 
have a perforated or lattice 
structure^ , Thus they present a 
large surface for absorbing oxy- 
gen from the water. 

The mouth is in front of the foot, between it and the 
anterior adductor muscle (Fig. 194). On each side of the 
mouth are the labial palps, which are lateral lips (Fig. 195). 
They have cilia which convey the food to the mouth after 
the inhalent siphon has sent food beyond the gill chamber 
and near to the mouth. Thus both food and oxygen enter 
at the inhalent siphon. The foot is in the position of a 
lower lip, and if regarded as a greatly extended lower lip, 
the animal may be said to have what is to us the absurd 
habit of using its lower lip as a foot The foot is some- 



FlG. 194. M USSKL. 

A, left shell and mantle flap removed. 
B, section through body. 
Question: Guided by other figurcR, 
identify the parts to which lines are 
drawn. 
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times said to be hatchet-shaped (Fig. 195)* 
any resemblance ? Does the foot penetrate deep or shal- 
low into the sand ? (Fig. 190.) Why, 
or why not } 

The food tube of the mussel is com- 
paratively simple. Behind the mouth it 
enlarges into a swelling called the stom- 
ach (Fig. 193). The bile ducts of the 
neighboring liver empty into the stomach. 
The intestine makes several turns in the 
substance of the upper part of the foot, 
and then passing upward, it runs ap- 
proximately straight to the vent (or anus), 
which is in the wall of the exhalent 
siphon. The intestine not only runs 
through the pericardial cavity (celome) 
surrounding the heart, but through the 
ventricle of the heart itself (Fig. 196). 

The kidneys consist of tubes which 
open into the pericardial chamber above 
and into the gill chamber below 
Fig. 193). 'I’he tubes are surrounded by 
numerous blood vessels (Fig. 198) and 
carry off the waste matter from the blood. 

'Fhe nervous system consists of three 
pairs 0/ }^an^Ii a and nervTS (Fig. 197). 

The ganglia are distinguishable because of 
^ their orange color. The pedal 

ganglia on the front of the foot 
are easily seen also ; the vis- 
ceral ganglia on the posterior 
adductor muscle may be seen 
\ [ without removing the mussel 

from the shell (Fig. 193). The reproductive organs 
I’la 197. into the rear portion of the gill cavity (Fig. 193). 

The sperms, having )>een set free in the water, are drawn into 
the ova by the same current that brings the food. The eggs 


Fi<;. 195. ~ Mi'Sski,. From 
below. Level cut across 
both shells. 

Sf, palp; /’, O, mouth; 

C, liver; gan- 

Klia. 



Fit;, 196. — Heart of 
Mussel, with intestine 
passing through it. 
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are hatched in the gills. After a while the young mussels go out 
through the siphon. 

Summary. — In the gills (Fig. 198) the blood gains what? 
Loses whal:? From the digestive tube the blood absorbs nourish- 
ment. In the kidneys the blood is partly purified by the loss of 
nitrogenous waste. 



The cilia of the fringes on the inhalcnt, or lower, siphon, 
vibrate continually and drive water and food particles into 
the mouth cavity. Food particles that arc brought near the 
labial palps are conveyed by them 
to the mouth. As the water passes 
along the perforated gills, its oxygen 
is absorbed ; the mantle also absorbs 
oxygen from the water as it passes. 

The water, as stated before, goes 
next through a passage between the 
foot and palp into the cavity above 
the gills and on out through the ex- 
halent siphon. By stirring the water, 
or placing a drop of ink near the 
siphons of a mussel kept in a tub, 
the direction of its flow may be seen. 

The pulsations of the heart are 
plainly visible in a living mollusk. 

Habits of the Mussel. — Is it abundant in clear or muddy 
water ; swift, still, or slightly moving water ^ Describe 
its track or furrow. What is its rate of travel ? Can you 
distinguish the spots where the foot was attached to the 
ground How long is one step ” compared to the length 
of the shell } The animal usually has the valves opened 
that it may breathe and eat. The hinge ligament acts like 
the case spring of a watch, and holds the valves open un- 
less the adductor muscles draw them together (Fig. 189). 


/ 

Diagram of 

CUT ACROSS, 
showing mantle, wa ; gills, 
ku\ foot,/; heart, h\ in- 
testine, ed. 


Fig. 198. 
Mussel 
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FK 5 . 199. — Ovstkr. 

C. mouth; <», vttut; 

(ganglia; mi, mpatitie: h, 
gill. 


When the mussel first hatches from the egg, it has a tri- 
angular shell. It soon attaches itself to some fish and thus 
travels about ; after two months it 
drops to the bottom again. 

Other Hollttsca. — The oyster's shells 
are not an exact pair, the shell which 
lies upon the bottom being hollowed 
out to contain the body, and the upper 
shell being flat. Can you tell by ex- 
amining an oyster shell which was the 
lower valve? Does it show signs of 
having been attached to the bottom ? 
The young oyster, like the young mus- 
sel, is free-swimming. Like the arthropoda, most mollusks 
undergo a metamorphosis to reach 
the adult stage (Fig. 199). 

Examine the shells of clams, 
snails, scallops, and cockles. Make 
drawings of their shells. The slug 
is, very similar to the snail except 
that it has no shell. If the shell of the snail shown in 
Fig. 202 were removed, there would be left a very good 

representation of a slug. 

Economic Importance of 
Hollusca. — Several species 
of clams are eaten. One of 
them is the hard-shell clam 
(qiiahog) found on the At- 
lantic coast from Cape Cod 
to Texas. Its shell is white. It often burrows slightly 
bentath the surface. The soft-shell clam is better liked as 
food." It lives along the shores of all northern seas. It 
burrows a foot beneath the surface and extends its siphons 



,FiG. 200.-— Troc:hus. 



Fkj. 901 . — Cvi*R. 4 CA. (Univalve, 
wiUi 9 long opening to shell.) 
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;thmugh the burrow to the surface when the tide is in, 
and draws into its shell the water containing animalcules 
and oxygen. 

Oysters to the value of many millions of dollars are gath- 
ered and sold every year. The most valuable oyster fish- 
eries of the United States are in Chesapeake Bay. The 
young oysters, or “ spat,” after they attach themselves to 
the bottom in shallow water, are transplanted. New oyster 
beds are formed in this way. The beds are sometimes 
strewn with pieces of rock, broken pottery, etc,, to encourage 
the oysters to attach themselves. The dark spot in the 
fleshy body of the oyster is the digestive gland, or liver. 
The cut ends of the tough adductor muscles are noticeable 
in raw oysters. The starfish is very destructive in oyster 
beds. 


Pearls are deposited by bivalves around some irritating 
particle that gets between the shell and the mantle. The 
pearl oyster furnishes most of the pearls ; sometimes 
peark of great value are obtained from fresh-water mussels 



in the United 
States. Name 
articles that are 
made partly or 
wholly of mother- 
of-pearl. 

Study of a Live 
Snail or Slug. — Is 
its body dry or 
moist ? Do land 
snails and slugs have lungs or gills? Why? How many pairs 
of tentacles has it ? What is their relative length and position? 
The eyes are dark spots at bases of tentacles of snail and ^ the 
tips of the rear tentacles of slug. Touch the tentacles. What 
hapjpens? Do the tentacles simply stretch, or do they turn inside 


Fig. aoa. — a Snail. 

If mouth; h/^ feelers: r, opening of .egg duct; fu, fovjt; 
ma, mantle; iu^ opening to lung; a, vent. * 
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out as they are extended? Is the respiratory opening on flie, 
right or left side of the body ? On the mantle fold or on the body? 

(Figs. 202-3-4.) How 
often does the aperture 
open and close ? 

Place the snail in a 
Fio. 203. — A sluc,. moist tumbler. Does 

the whole under surface seem to be used in creeping? Does the 
creeping surface change shape as the snail creeps ? Do any folds 

or wrinkles seem to _ _ 

move either toward the | 
front or rear of its j 
lx)dy? Is enough niu- | 

( US kift to mark the | 
path traveled? The 
fold moves to the front, 
adheres, and smooths 
out as the slug or snail 
is pulled forward, Fio. 204. — Circulation and Respiration 

Cephalopoda. — 'Fhe snail. 

highest and best de- a, mouth; foot; r. vent: lung; heart. 

® Blood vessels arc black. (Perrier.) 

veloped mollusks are • 

the cephalopods, or head-footed mollusks. Surrounding the 
mouth are eight or ten appendages which serve both as feet and 
as arms. These appendages have two rows of sucking disks by 
which the animal attaches itself to the sea bottom, or seizes fish 
or other prey with a firm grip. The commonest examples are the 

squids w ith a long body and ten 
arms, and the octopus^ or devil- 
^^h, with a short body and 
eight arms. Cephalopods have 
strong biting mouth parts and 
complex eyes somewhat resem- 
, .. bling the eyes of backboned, 

or vertebrate, animals. The 

large and staring eyes add to the uncanny, terrifying appearance. 

The sepia or ** ink discharged through the siphon of the squid 
makes a dark cloud in the water and &vors its escape fi:om 
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almost as 
much as its swiftness 
(Fig. 205), Thesqrid 
sometimes api roaches 
a fish with motion so 
slow as to be imper- 
ceptible, and then sud- 
denly seizes it, and 
quickly kills it by bit- 
ing it on the back be- 
hind the head. 

The octopus is more 
sluggish than the squid. 

Large species called 
devilfish sometimes have a spread of arms of twenty-five feet. 
The pearly nautilus (Fig. 206) and the female of the paper .argo- 
naut (Fig. 207) are examj)les of cephalopods that have shells. 
The cuttlefish is closely related to the squid. 


Fkj. 206. — Fkarly NAtJTn.ns. (Sliell sawed 
througli to show chamliers used when it was 
smaller, and siphiincle, S, connecting them. IV n- 
tacles, /'.) 




Fig. 207.— Paper Argonaut (female). 

X % the animal is three times as long 
and broad as figure) . 


Fig. ao8 .— Paper AR(;o- 

NAUT (male), x 



General Questions. — The living parts of the nius.sel are 
very soft, the name mollusca having been derived from 
the Latin word mollis, soft. Why is it that the softest 
animals, the mollusks, have the hardest coverings ? 

To which class of mollusks is the name acephala (head- 
less) appropriate } LamelHbranchiata (platelike gills)? 
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Why is a smooth shell suited to a clam md a rough 
shell suited to an oyster ? Why are the turns of a snaiPs 
shell so small near the center ? 

Why does the mussel have no use for head, eyes, or pro- 
jecting feelers? In what position of the valves of a mussel 
is the hinge ligament in a stretched condition ? How does 
the shape of the mussel’s gills insure that the water cur- 
rent and blood current are brought in close contact ? 

The three main classes of mollusks are : the pelecypoda 
(hatchet-footed); gastropoda (stomach-footed); and cepha- 
lopoda (head-footed). Give an example of each class. 


Comparison of MoUusks 


Shell 

Head 

Body 

Foot 

Mussel 

Snail 

Squid 



— - - 








Gills 

Eyes 
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Appendages for lo- 
comotion 
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of body 













Organs and method 
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CHAPTER X 


FISHES 


SU'iOB^STIONS.— • 
The behavior of a 
live fish in clear 
water, preferably in 
a glass vei>sel or an 
aquarium, should be 
A skeleton may be 
prepared by placing a fish in 
the reach of ants. Skeletons 
of animals placed on ant beds 
are cleaned very thoroughly. 
The study of the perch, that follows, will apply to almost any 
common fish. 



studied. 


Movements and External Features. — What is the gen- 
eral shape of the body of a fish ? How does the dorsal, or 
upper, region differ in form from the ventral ? Is there a 
narrow part or neck where the head joins the trunk ? 
Where is the body thickest } What is the ratio between 
the length and height ? (Fig. 209.) Are the right and left 
sides alike Is the symmetry of the fish bilateral or 
radial } 

The body of the fish may be divided into three regions, 
— the head, trunk, and tail. The trunk begins with the 
foremost scales ; the tail is said to begin at the vent, or 
anus. Which regions bear appendages.? Is the head 
movable independently of the trunk, or do they move 
together? State the advantage or disadvantage in this. 
Is the body depressed (flattened vertically) or compressed 
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(flattened laterally)? Do both forms occur among fishes? 
(See figures on pages 123, 124.) 

How is the shape of the body advantageous for move- 
ment ? Can a fish turn more readily from side to side, or 
up and down ? Why ? Is the head wedge-shaped or coni- 
cal ? Are the jaws flattened laterally of vertically ? The 
fish swims in the water, the bird swims in the air. Account 
for the differences in the shape of their bodies. 

Is the covering of the body like the covering of any ani- 
mal yet studied ? The scales are attached in little pockets, 



Fig. 209. — • WliriK Pkrcii {Morone Americana), 


or folds, in the skin. Observe the shape and size of scales 
on different parts of the body. What parts of the fish are 
without scales ? Examine a single scale ; what is its 
shape ? Do you see concentric lines of growth on a scale ? 
Sketch a few of the scales to show their arrangement. 
What is the use of scales ? Why are no scales needed on 
the head ? How much of each scale is hidden ? Is there 
a film over the scale? Are the colors in the scale or 
on it? 

The Fins. — Are the mov^rnents of the fish active or 
sluggish? Can it re|||(a n stationary without using its fins? 
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Can it move backward ? How are the fins set in motion ? 
What is the color of the flesh, or muscles, of a fish ? Count 
the fins. How many are in pairs ? (Fig. 209.) How many 
are vertical? How many are on the side? How many 
are on the middle line ? Are the paired or unpaired fins 
more effective in 'balancing the fish ? In turning it from 
side to side? In raising and lowering the fish? In pro- 
pelling it forward? How are some of the tins useful to 
tiiC fish besides for balancing and swimming ? 

The hard spines supporting the fins are called the fin 
rays. The fin on the dorsal line of the fish is tallt’d the 
dorsal fin. Are its rays larger or smaller than the rays of 
the other fins? The perch is sometimes said to have two 
dorsal fins, since it is divided into two parts. Tlic fin 
forming the tail is called the tail fin, or caudal fin. Are 
its upper and lower corners alike in all fishes ? (Fig. 228.) 
On the ventral side, just behind the vent, is the ventral 
fin, also called the anal fin. The three fins mentioned arc 
unpaired fins. Of the four-paired fins, the pair higher on 
the sides (and usually nearer the front) arc the pectoral 
fins. The pair nearer the ventral line are the pelvic fins. 
They are close together, and in many fish are joined 
across the ventral line. The ventral fins are compared to 
the legs, and the pectoral fins to the arms, of higher verte- 
brates. (Fig. 244.) Compare fins of fish, pages 123, 124. 

Make a drawing of the fish seen from the side, omit- 
ting the scales unless your drawing is very large. 

Are the eyes on the top or sides of the head, or both ? 
Can a fish shut its eyes ? Why,' or why not ? Is the eye- 
ball bare, or covered by a membrane ? Is the covering of 
the eyeball continuous with the skin of the head? Is 
there a fold or wrinkle in this membrane or the surround- 
ing skin ? Has the eye a pupil ? An iris ? Is the eye of 
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the fish immovable, slightly movable, or freely movable? 
Can it look with both eyes at the same object? Is the 
range of vision more upward or downward ? To the front 

or side ? In what 
direction is vision 
impossible ? Can a 
fish close its eyes 
in sleep ? Does 
the eyeball appear 
spherical or flat- 
tened in front ? 

Fig. aio. — Blackboard Outline of Fish. 

The ball is really 

spherical, the lens is very convex, and fish are nearsighted. 
Far sight would be useless in a dense medium like water. 

In what direction are the nostrils from the eyes? (Fig. 
21 1.) There are two pairs of nostrils, but only one pair of 
nasal cavities, with two nostrils opening into each. There 
are no nasal passages to the mouth, 
as the test with a probe shows 
that the cavities do not open into 
the mouth. What two functions 
has the nose in man ? What func- 
tion has it in the fish ? 

There are no external ears. 

, Fig. an. — Head OF Carp. 

The ear sacs are embedded in the 

bones of the skull. Is hearing acute or dull ? When fish- 
ing, is it more necessary not to talk or to step lightly, 
so as not to jar the boat or bank ? 

What is the use of the large openings found at the back 
of the head on each side ? (Fig. 21 1 .) Under the skin at 
the sides of the head are thin membrane bones formed from 
the skin ; they aid the skin in protection. Just under these 
membrane bones are the gill covers, of true bone. Which 
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consists of more parts, the membranous layer, or the true 
bony layer in the gill cover? (Figs. 21 1 and 212.) 

Is the mouth large or small? Are the teeth blunt or 
pointed? 'Near the outer edge, or tar in the mouth? 
(Fig. 212.). Does the fish have lips? Are the teeth in 
one continuous row in either jaw ? In the upper jaw 
there arc also teeth on the premaxillary bones. These 
bones are in front of the maxillary bones, which are with- 
out teeth. Teeth are also found in the roof of the mouth, 
and the tongue bears horny appendages similar to teeth. 
Are the teeth of the fish better suited for chewing or for 



Fig. 2ia. -- Skei-eton of Perch. 


grasping ? Why are teeth on the tongue useful ? Watch 
a fish eating : does it chew its food ? Can a fish taste ? 
Test by placing bits of brown paper and food in a vessel 
or jar containing a live fish. Is the throat, or gullet, of the 
fish large or small ? 

The skeleton of a fish is simpler than the skeleton of 
other backboned animals. Study Fig. 212 or a prepared 
skeleton. At first glance, the skeleton appears to have 
two vertebral columns. Why ? What bones does the fish 
have that correspond to bones in the human skeleton ? 
Are the projections (processes) from the vertebrae long or 
short ? The ribs are attached to the vertebrae of the trunk, 
the last rib being above the vent. The tail begins at the 
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V€nt. Are there more tail vertebrae or trunk vertebrae! 
Are there any neck (cervical) vertebrae {i.e, in front of 
those that bear ribs) ? The first few ribs (how many ?) are 
attached to the central body of the vertebrae. The re- 



Fig. 213. 


maining ribs are loosely attached to processes on the 
vertcbra\ The ribs of bony fishes are not homologous 
with the ribs of the higher vertebrates. In most fishes 
there arc bones called intermuscular bones attached to the 
first ribs (how many in the perch ?) which are possibly homol- 
ogous to true ribs; that is, true ribs in the higher verte- 
brates may have been developed from such beginnings. 

Which, if any, of the fin skeletons (Fig. 214) are not 
attached to the general vskelcton.^ Which fin is composed 
chiefly of tapering, pointed rays } Which fins consist of 

rays which sub- 
divide and widen 
toward the end } 
Which kind are 
stiff, and which are 
flexible ? Which of 
the fin rays are segmented, or in two portions ? The outer 
segment is called the radial, the inner the basal segment. 
Which segments are longer > There is one basal segment 
that lacks a radial segment; find it (Fig, 212). 



Fig. 2x4. — S(vi.t-ravk.j> ani> Spiny-raykd Fins. 
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What is the advantage of the backbone plan of struo* 
ture over the armor-plate plan ? You have seen the spool- 
like body of the vertebra in canned salmon. Is it concave, 
flat, or convex at the ends ? 

The gills are at the sides of the head (Fig. 215) under 
the opercula, or gill covers. What is the color of the gills ? 
Do the blood vessels appear to be 
very near the surface of the gills, or 
away from the surface ? What advan- 
tage in this? Are the gills smooth 
or wrinkled ? (Fig. 215.) What ad- 
vantage ? The bony supports of the 
gills, called the gill arches, arc shown 
in Fig. 216 (/"i to k^). How many 
arches on each side ? The gill arches have projections 
on their front sides, called gill rakers, to prevent food 

from being washed 
through the clefts 
between the arches. 
The fringes on the 
rear of the gill 
arches are called 
the gill filaments (^, 
Fig. 216). These 
filaments support 
the thin and much- 
wrinkled borders of 
the gills, for the 

Fig. 216. — Skeleton AROUND Throat OF Fish. ..." . , 

gills are constructed 

on the plan of exposing the greatest pos.sible surface to 
the water. Compare the plan of the gills and the human 
lungs. The gill opening on each side is guarded by 
seven rays {kk, Fig. 216) along the hinder border of the 




I' lG. 215/- - (.'A RE, with 
right cover removed 
to show gills 
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gill cover. These rays grow from the tongue bone. (Z«, 
Fig. 216. This is a rear view.) 

Watch a live fish and determine how the water is forced 
between the gills. Is the mouth opened and closed in the 
• i act of breathing.? Are the openings behind 
u ^ the gill covers opened and closed ? How 




Fkj. 218.-- Nostrum, Mouth, and Gill Openings op 
Sting- RAY. 


^ ' many times per minute does fresh water reach 

Fio. 217. — , 

Circulation the gills? Do the mouth and gill covers 
in GiLus. open at the same time ? Why must the water 
in contact with the gills be changed constantly ? Why 

does a fish usually rest with its 

head up stream ? How may a 

Ash' be kept alive for a time ' .. 

after it is removed from the • * 

water? Why does drying of Fig. 219. —Gill Openings of 

the gills prevent breathing ? If 

the mouth of a fish were propped open, and the fish re- 
turned to the water, would it suffocate ? Why, or why not ? 


Food Tube. — The gullet is short and wide. The stomach is 
elongated (Fig. 220). There is a slight constriction, or narrow- 
ing, where it joins the intestine. Is the intestine straight, or does 
it lie in few or in many loops? (Fig. 220.) The liver has a gall 
bladder and empties into the intestine through a bile dupt. Is the 
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liver large * small? Simple orlobei ? The spleen {mi, Fig. 220) 
Ues in a lAp of the intestine. The last part of the intestine is 
straight arid is called the rectum. Is it of the same size as the 
other persons of the intestine? The fish does not possess a pan 
creas^ thelmost important digestive gland ol higher vertebrates. 



Fig. 220. — Anatomy of Carp. (See also colored figure 4.) 

b/t barbels on heyd (for feeling) ; A, ventricle of heart; as, aortic hull> for regul.^cing flow to 
gills; riit, venous sinus; dorsal aorta; wo, stomach; /.liver; gall cyst , w/, spleen; 
d, small intestine; md, large intestine; <?,vcnt; j, j, swim blaclrler : kidney; hi, 

ureter; hb, bladder; ro, eggs (roe\; mhf, opening of ducts from kidney and ovary. 

Questions : Are the kidneys dorsal or ventral ? The swim bladder ? Why f Why is the 
swim bladder double ? Does blood enter gills above or below ? 

The ovaiy lies between the intestine and the air bladder. In Fig. 
220 it is shown enlarged and filled with egg masses called roe. It 
opens by a pore behind the vent. The silver lining of the body cavity 
is called the peritoneum. (See Chap. VII, Human Biology.) 

Is air bladder simple or partly divided in the perch? In the carp^/ 
(Fig, 220.) Is it above or below the center of the body? Why? The 
air bladder makes the body of the fish about as liglit as water that it ^ 
may rise and sink with little effort. When a fish dies, the gases of I 
decomposition distend the bladder and the abdomen, and the fish turns | 
over. Why? ® 

Where are the kidneys f (Fig. 220.) Their ends unite close under 
the spinal column. The ureters, or tubes, leading from them, unite, 
and after passing a small urinary bladder, lead to a tiny urinary pore 
just behind the opening from the ovary. (Colored figure 4.) 

The Circulation. — The fish, unlike other vertebrates, has its 
breathing organs and its he art in its JiSiEid. The gills have already 
been described. The heart of an air-breathing vertebrate is near 
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its lungs. Why? The heart of a fish is near its gills for the same 
reason. The healt has one auricle and one ventricles (Colored 
figure I.) 

Blood returning to the heart comes through several veins into a 
sinm^ or antechamber, whence it passes down through a valve 



I' 1C,. 221.— I‘i /VN OF Circulation. 

Ab^ arteries to gills; Bay aortic bulb; C, ventricle. 


into auricle ; from the auricle it goes forward into ih^i’cntricle. 
The ventricle sends it into an artery^ not directly, but through a 
bull? {asy Fig. 220), which serves to maintain 
a steady flow, without pulse beats, into the 
large artery (aorta) leading to the gills. The 
arteries leading from the gills join to form a 
dorsal aorta (Aoy Fig. 221), which passes 
backward, inclosed by the low^er processes of 
the spinal column. After going through the 
capillaries of the various organs, the blood 
returns to the heart through veins. 

The color of the blood is given by red 
corpuscles. These are nucleated, oval, and 
larger than the blood corpuscles of other ver- 
tebrates. 'I'he blood of the fish is slightly 
Fic. 232. — iiRALN OF abovc thc temperaturc of the water it in- 
Pfrch, from above. habits, 

w, cn4 of nerve of smell ; Notice the general shape of the brain 

mkl, and Kind brain; 222). AfC itS SUbdlVlSlOnS dlStlHCt Or 

ii, »pin»i bulb; r, spi- inclistiuct? Are the lobes in pairs? The 
middle portion of the brain is the widest, 
and consists of the two optic lobes. From these lobes the optic 
nerves pass beneath the brain to the eyes Fig. 223). In 
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front of the optic lobes lie the two cerebral lobes, or the cerebrum. 
The small olfactory lobes are seen (F g. 224) in^front of the cere- 
brum. Tl e olfactory nerves may be traced to the nostrils. Back 
of the optic lobes (mid brain) is the cerebellum (hind brain), and 

back of it is the medulla oblongata ^ 
or beginning of the spinal cord. 


Fig. 223. — Brain of PERrii, 
side view. 


Fig. 224, — Brain ok Perch. 
from above. 


Taking the eyeball for comparison, is the whole braii^ as large 
as one eyeball? (Fig. 222.) Judging from the si/.e of the parts of 
the brain, which is more important with the fish, thinking or per- 
ception? Which is the most important sense? 

The scales along a certain line on eacli side of the fish, called 
the lateral line, are perforated over a series of lateral line sense 
organs, supposed to be the chief organs of touc/i (see Fig. 209). 

Questions. — Which of the fins of the fish have a use 
which corresponds to the keel of a boat? The rudder? A 



Fig, 225. — The Stickleback. Instead of depositing the eggs on 
the bottom, it makes a nest of water plants — the only fish that does 
so — and bravely defends it 
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paddle for sculling? 
An oar? State several 
reasons why the head 
of the fish must be 
very large, although 
the brain is very small. 
Does all the blood go 
to the gills just after 
leaving the heart ? 

Make a list of the 
different species of 
fish found in the 
waters of your neigh- 
borhood ; in the markets of your town. 

Reproduction. — The female fish deposits the unfertilized 
eggs, or ova, in a secluded spot on the bottom. Afterward 
the male fish deposits the sperms in the same place (see 
Fig. 225). The eggs, thus unprotected, and newly hatched 
fish as well, are used for food by fish of the same and other 
species. To compensate for this great destruction, most 
fish lay (spawn) many thousands of eggs; very few of 
which reach maturity. Higher vertebrates {e,g. birds) have, 
by their superior in- 
telligence, risen above 
this wasteful method 
of reproduction. ♦Some 
kinds of marine fish, 
notably cod, herring, 
and salmon, go many 
miles up fresh rivers 
to spawn. It is possible that this is because they were 
originally fresh-water species; yet they die if placed in 
fresh water except during the spawning season. They go 



Fig, 227. — Newly hatched Trout, with 
yolk-sac adhering, eyes large, and fins mere 
folds of the skin. (Enlarged.) 



Fig. 226. — AKTfFiciAL Fecundation. The 
egg-cells and sperm-coils are pressed out into 
a pan of water. 
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because of instinct, which is simply an inherited habit 
Rivers may be safer than the ocean for their young. They 
are worn and exhausted by the journey, and never survive 
to lay 6ggs the second time. 



Fig. 228. — A Shark {Acanthia'i vulgaris). 


The a/r bladder is developed from the food tube m the 
embryo fish, alid is homologous with lungs in the higher 
vertebrates. Are their functions the same ? 

Fish that feed on flesh have a short intestine. Those 
that eat plants have a long intestine. Which kind of food 
is more quickly digested ? 

There are mucous glands in the skin of a fish which 
supply a secretion to facilitate movement through the 
water ; hence a freshly caught fish, before the secretion 
has dried, feels very slippery. 

The air bladder, although homologous to lungs, is not a 
breathing organ in common fishes. It is filled by the 
formation of gases from the blood, and can be made 
smaller by the contraction of muscles along the sides of 
the body; this causes the fish to sink. I n the_ iraL..^A | 
other ganoids, the air bladder contains blqpd vessels, is con-j j 
nected with the gullet, and is used in breathing. Organs 
serving the same purpose in different animals are said to be 
analogous. To what in man are the gills of the fish analo- 
gous? Organs having a like position and origin are 
said to be homologous. The air bladders of a fish are 
homologous with the lungs of man ; but since they have 
not the same use they are not analogous. 
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How does the tail of a shark or a gar differ from the 
tail of common fishes? (Fig. 228.) Do you know of fish 
destitute of scales ? Do you know of fish with whiplike 
feelers on the head ? (Figs.) Why are most fishes white 
on the under side } 


Comparative Review. — (Copy table on one page or two facing pages 
of notebook.) 
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t'u;, Drawing the Seine, 



Fig. 234. — Turbot. Fig. 239.— Salmon. 

Seren Food Pish. Thrss Cuxioot Fish. 
Special Reports. (Encyclopedia, te3cfs» dictionary.) 

*23 



Fig. a4a,~ToRPKiK>, Elec- tSSpair' 

trical organs at right and FiG. 246. — Sea WKED Fish, x| 

left of brain. {Phyilopteryx equ£s). 


RenurkAble Fish. Special Reports. (Encyclopedia, texts, dictionary.) 
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RECOGNITION GROUP CHARACTERS 

The commoner members of the several branches may be recog- 
nized by the following characters : — 

1. The Protozoans are the only one-celled animals. 

2. The Sponges are the only animals having pores all over the 
body for the inflow of water. 

3. The Polyps are the only many-celled animals having a single 
opening into the body, serving for both mouth and vent. They 
are radiate in structure, and usually possess tentacles. 

4. The Echinodenns are marine animals of more or less radiate 
appearance, having a food tube in the body separate from the 
body wall. 

The following groups are plainly bilateral : that is, dorsal and 
ventral surfaces, front and hind ends are different. 

5. The Vermes have usually a segmented body but lark jointed 
legs. 

6. The Arthropods have an external skeleton and jointed legs. 

7. The Mollusks have soft bodies, no legs, no skeleton, but 
usually a limy shell. 

8. The Vertebrates have an internal skeleton of bones, and 
usually two pairs of legs. 



CHAPTER XI 


BATRACHIA 

The theory of evolution teaches that animal life began in a very 
simple form in the sea, and that afterward the higher sea animals 
lost their gills and developed lungs and legs and came out to live 
upon the land ; truly a marvelous procedure, and incredible to 
many, although the process is repeated every spring in count- 
less instances in pond and brook. 

In popular language, every cold-blooded vertebrate breathing 
with lungs is called a reptile. The name reptile is properly 
a])plied only to lizards, snakes, turtles, and alligators. The com- 
mon mistake of speaking of frogs and salamanders as reptiles 
arises from considering them only in their adult condition. Rep- 
tiles hatch from the egg as tiny reptiles resembling the adult 
forms ; frogs and salamanders, as every one knows, leave the egg 
in the form of tadpoles (Fig. 248). The fact that frogs and 
salamanders begin active life as fishes, breathing by gills, serves to 
distinguish them from other cold-blooded animals, and causes 
naturalists to place them in a separate class, called batrachia 
(twice breather) or amphibia (double life). 

Tadpoles 

Suggestions. — Tadpoles may be studied by placing a number 
of frog*s eggs in a jar of water, care being taken not to place 
a large number of eggs in a small amount of water. When they 
hatch, water plants green algae) should be added for food. 
The behavior of frogs may be best studied in a tub of water. A 
toad in captivity should be given a cool, moist place, and fed well. 
A piece of meat placed near a toad may attract flies, and the toad 
may be observed while catching them, but the motion is so swift 
as to be almost imperceptible. Live flies may be put into a glass 
jar with a toad. Toads do not move about until twilight, except 
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in cloudy, wet weather. They return to ponds and brooks ini 
spring at the tiff>e for laying eggs. This time for both frogs and* 
toads is shown by trilling. All frogs, except tree frogs, remain in 
or near the water all the year. 



Firr, 248. — MJiTAMOKi’lIObhS OF TJIE FROG, nuinbeietl in order. 


Do eggs hatch and tadpoles grow more rapidly in a 
jar of water kept in a warm place or in a cold place ? 
In pond water or drinking water ? Can the tadpoles be 
seen to move in the eggs before hatching ? When do 
the external gills show ? (Fig. 248.) 

What parts may be described in a tadpole? What is 
the shape of the tail ? Compare the tadpole with the fish 
as to (i) general 
shape, (2) cover- 
ing, (3) fins, (4) 

tail, (5) gills. 

Do the exter- 
nal gills disap- 
pear before or after any rudiments of limbs appear? 
(6, 7, Fig. 248.) Can you locate the gills after they be- 
come internal ? (Fig. 249.) 



Fig. 249.— Tadpole, from below, showing intestine 
and internal gills. (£nlai|;ed.) 
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In what state of growth are the legs when the tadpole 
first goes to the surface to breathe ? Which legs appear 
first ? What advantage is this ? What becomes of the 
tail ? Is the tail entirely gone before the frog first leaves 
the water ? Are tadpoles habitually in motion or at 
rest ? 

Is the intestine visible through the skin ? (Fig. 249.) 
Is it straight or coiled ? Remembering why some fish 
have larger intestines than others, and that a cow has a 
long intestine and a cat a short one, state why a tad- 
pole has a relatively longer intestine than a frog. 

Compare the mouth, jaws, eyes, skin, body, and habits 
of tadpole and frog. 


Frogs 

Prove that frogs and toads are beneficial to man. Did 
you ever know of a frog or toad destroying anything 
useful, or harming any one, or causing warts 1 How 
many pupils in class ever had warts? Had they handled 
frogs before the warts came ? Frogs are interesting, 
gentle, timid animals. Why are they repulsive to some 
people ? 

Environment. • — Where are frogs found in greatest 
numbers ? What occurs when danger threatens them ? 
What enemies do they have ? What color, or tint, is most 
prominent on a frog ? Does the color ** mimic ” or 
tate its surroundings ? What is the color of the under 
side of the body ? (Fig. 250.) Why is there greater 
safety in that color ? What enemies would see water frogs 
from below? Do tree frogs mimic the bark? The 
leaves ? 

Can a frog stay under water for an indefinite time ? 
Why, or why not? What part of a frog is above the 
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surface when it floats or swims in a tub of water ? Why ? 
Do frogs croak in the water or on the bank ? Why do 
they croak after a rain ? Do toads croak ? 

Are the eggs laid in still or flowing water? In a clear 
place or among sticks and stems ? Singly, or in strings or 
in masses? (Fig. 248.) Describe an egg. Why do frogs 
dig into the mud in autumn in cold climates ? Why do 
they not dig in mud at the bottom of a pond ? Why is 
digging unnecessary in the Gulf states ? 



Fig. 250. — FaiN'IKI) Frog of Mexico. 

Describe the position of the frog when still (Fig. 250). 
What advantage in this position ? *Docs the frog use 
its fore legs in swimming or jumjiing? Its hind legs? 
How is the frog fitted for jumping? Compare it in this 
respect with a jumping insect; a jumping mammal. How 
is it fitted for swimming? Is the general build of its body 
better fitted for swimming or jumping ? How far can a 
frog jump? 

External Features. — The frog may be said to have two 
regions in its body^ the head and trunk. A neck hardly 
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txists^ as there is only one vertebra in front of the shoul- 
ders (Fig. 252), while mammals have seven neck (cervical) 
vertebrae. There are no tail (caudal) vertebrae, even in the 
tadpole state of frogs and toads. 

The head appears triangular in shape when viewed from 
what direction ? The head of a frog is more pointed than 
the head of a toad. Is the skull a closed case of broad 
bones or an open structure of narrow bones ? (Fig. 252.) 

Describe the month. Observe the extent of the mouth 


opening (Fig. 251). Avq teeth present in the upper jaw.? 
The lower jaw .? Are the teeth sharp or dull .? Does the 
frog chew its food .? Is the tongue 
slender or thick.? (Fig. 251.) Is 
it attached to the front or the back 
of the mouth .? In what direction 
does the free end extend when the 
tongue lies flat.? Is the end pointed 
or lobed.? How far out will the 

IMC. 251, — Head of Frog. 

tongue stretch .? For what is it 
used .? Why is it better for the teeth to be in the upper 
jaw rather than in the lower jaw .? That the teeth are of 
little service is shown by the fact that the toad with simi- 
lar habits of eating has no teeth. Will a toad catch and 
swallow a bullet or pebble rolled before it .? The toad is 
accustomed to living food, hence prefers a moving insect 
to a still one. 


The Senses. — Compare the eyes with the eyes of a 
fish in respect to position and parts. Are the eyes pro- 
truding or deep-set ? Touch the eye of a live frog. Can 
it be retracted ? What is the shape of the pupil .? The 
color of the iris.? Is the eye bright or dull.? Wh^t 
probably gave rise to the superstition that a toad had a 
jewel in its head? Is there a third eyelid? Are the 
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upper and lower eyelids of the same thickness? With 
which lid does it wink ? Close its eye ? 

Observe the large oval ear drum or tympanum. What 
is its direction from the eye? (Fig. 251.) The mouth? 
Is there a projecting ear? Does the frog hear well? 
What reason for your answer ? As in the human ear, a 
tube (the Eustachian tube) leads from the mouth to the 
inner side of the tympanum. 

How many nostrils? (Fig. 251.) Arc they near to- 
gether or separated ? Large or small ? A bristle passed 
into the nostril comes into the mouth not far back in the 
roof. Why must it differ from a fish in this? 

How do the fore and hind legs differ ? How many toes 
on the fore foot or hand? On the hind foot? On which 


foot is one of the toes rudimentary ? Why is the fore limb 
of no assistance in propelling the body in jumping ? Do 
the toes turn in or out? (Fig. 250.) How does the frog 
give direction to the 
jump ? What would 
be the disadvantage 
of always jumping 
straight forward 
when fleeing? Which 
legs are more useful 
in alighting ? 

Divisions of the 
Limbs. — Distinguish 
the upper arm, fore- 
arm, and hand in the 

fore limb (Figs. 252 and 253). Compare with skeleton of 
man (Fig. 399). Do the arms of a man and a frog both 
have one bone in the upper arm and two in the forearm ? 
Both have several closely joined bones in the wrist and 
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five separate bones in the palm. Do any of the frog’s 
fingers have three joints ? Compare also the leg of man 

and the hind leg 

^ ^ union of a shin and 

Fic;. 253.-SKLLv;n.N Frog. j 

first two of the five bones of the ankle arc elongated, giv- 
ing the hind leg the appearance of 
having an extra joint (Fig. 253). The JHk 

foot consists of six digits, one of which, 
like the thumb on the fore limb, is 
rudimentary. The five developed toes 
give the five digits of the typical verte- ^ W 
brate foot. Besides the five bones cor- n 

responding to the instep, the toes have 
two, three, or four bones each. How ^ 
is the hind foot specialized for swim- fig. 254. — leg mus- 
ming? Which joint of the leg con- ciEsopfROG. 
tains most muscle? (Fig. 254.) Find other bones of the 
frog analogous in position and similar in form to bones in 
the human skeleton. 


Fig. 254. — Leg Mus- 
cles OF Frog. 
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Is the skin of a frog tight or loose ? Does it have any 
appendages corresponding to scales, feathers, or hair of 
other veitebrates? Is the skin rough or smooth? The 
toad is furnished with glands in the skin which are some- 
times swollen ; they form a bitter secretion, and may be, 
to some extent, a protection. Yet birds and snakes do not 
hesitate to swallow toads whole. Show how both upper 
and under surfaces of frog illustrate protective coloration. 

All batrachians have large and numerous blood vessels 
in the skin by which gases are exchanged with the air, 
the skin being almost equal to a third lung, I'hr.t the 
skin may function in this way, it 
must not become dry. Using this 
fact, account for certain habits of 
toads as well as frogs. 

If a frog is kept in the dark or 
on a dark surface, its skin will be- 
come darker than if kept in the light 
or on a white dish. Try this experi- 
ment, comparing two frogs. This 
power of changing color is believed 
to be due to the diminution in size 
of certain pigment cells by contrac- 
tion, and enlargement from relaxation. 

This power is possessed to a certain 
degree not only by batrachians but 
also by many fishes and reptiles. 

The chameleon, or green lizard of 
the Gulf states, surpasses all other 
animals in this respect (Fig. 280). 

What advantage from this power ? 

Digestive System. — The large mouth cavity is connected 
by a short throat with the gullet, or eijophagus (Fig. 255), 



Fir,. 255. — Dkjf, STIVE 
Canal ok Fko<;. 

Mh^ mouth; tongue pulled 
outwatd; oi>cnin^» to 

larji-nx ; rV, gullet; stom- 

ach ; />, intestine:; pan- 
creas; L, liver; 6', gall 
bladder; A*, rectum; //A, 
biaddei ; C/, cloaca; 

vent. 
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A slit called the glottis opens from the throat into the 
lungs (Fig. 25s). Is the gullet long or short.? Broad 
or narrow ? Is the stomach short or elongated ? Is the 
division distinct between the stomach and gullet, and 
stomach and intestine ? Is the liver large or small ? Is 
it simple or lobed ? The pancreas lies between the 
stomach and the first bend of the intestines (Fig. 255). 
What is its shape ? A bile duct connects the liver with 

the small intestine (Dc, Fig. 
255). It passes through the 
pancreas, from which it re- 
ceives several pancreatic 
ducts. After many turns, the 
small intestine joins the large 
intestine. The last part of 
the large intestine is called 
the rectum (Latin, straight). 
The last part of the rectum is 
called the cloaca (Latin, a 
drain), and into it the dl^ucts 
from the kidneys and repro- 
ductive glands also open. The 

""lUuncV kidneys are large, elongated, 

s, egg m^isses; /o, bladder; //, vent. ^iid flat. They He Under the 

dorsal wall. The urinary bladder is also large. Does the 
salamander have a similar digestive system ? (Fig. 256.) 
Why are the liver and lungs (Fig. 256) longer in a sala- 
mander than in a frog ? 

Respiration. — How many lungs f Are they simple 
or lobed ? (Fig. 256.) A lung cut open is seen to be 
baglike, with numerous ridges on its inner surface. 
This increases the surface with which the air may come 
in contact. In the walls of the lungs are numerous 



Fig. 256. — Anatomy of Sala- 
mander. 
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capillaries. Does the frog breathe with mouth open of 
closed f Does the frog have any ribs for expanding the 
chest? What part of the head expands and contracts? 
Is this motion repeated at a slow or rapid rate ? Regu- 
larly or irregularly ? There are valves in the nostrils for 
opening and closing them. Is there any indication of 
opening and closing as the throat expands and contracts ? 
The mouth and throat (pharynx) are filled with air each 
time the throat swells, and the exchange of gases (which 
gases?) takes place continually through their walls and 
the walls of the lungs. At intervals the air is forced 
through the glottis into the lungs. After a short time 
it is expelled from the lungs by the muscular abdominal 
walls, which press upon the abdominal organs, and so 
upon the lungs. Immediately the air is forced back 
into the lungs, so that they are kept filled. In some 
species the lungs regularly expand at every second con- 
traction of the throat. This is shown by a slight out- 
ward motion at the sides. Does the motion of the throat 
cease when the frog is under water ? Why would the 
frog be unable to breathe (except through the skin) if its 
mouth were propped open ? Why docs the fact that the 
breathing is so slow as to almost cease when hibernat- 
ing, aid the frog in going through the winter without 
starving ? (Chap. I.) Why must frogs and toads keep their 
skins moist? Which looks more like a clod ? Why ? 

The Heart and Circulation. — What is the shape of the heart? 
(Fig. 257.) Observe the two auricles in front and the conical 
ventricle behind them. The great arterial trunk from the ventricle 
passes forward beyond the auricles ; it divides into two branches 
which turn to the right and left (Fig. 257). Each branch im- 
mediately subdivides into three arteries (Fig. 257), one going to 
the head, one to the lungs and skin, and a third, the largest. 
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passes backward in the trunk, where it is united again to its 
fellow, (Colored Fig. 2.) 

Both of the pulmonary veins, returning to the heart with pure 
blood from the lungs, empty into the left auricle. Veins with the 
impure blood from the body empty into the right auricle. Both 

the auricles empty into the ventri- 
cles, but the pure and impure blood 
are prevented from thoroughly mix- 
ing by ridges on the inside of the 
ventricle. Only in an animal with 
a four-chambered heart does pure 
blood from the lungs pass unmixed 
and pure to all parts of the body, 



Fig. 257. — Plan of Frog’s 
ClKCCLATION. 

Venous system is black: the arterial, 
white. .-W/, auricles; T, ventricle; 

lung; /./■/', liver. Aorta has one 
branch to right, another to left, which 
reunite below. Right bninch only 
I>ersi&is in birds, left branch in beasts 
and man. 



Fig. 258. — Frog’s Blood (magnified 2500 
areas). Red cells oval, nucleated, and 
larger than human blood cells. Nuclei of 
two white cells visible near center, (Pea- 
body.) 


and only such animals are warm-blooded. The purer (/>. the more 
oxygenated) the blood, the greater the oxidation and warmth. 

1 he red corpuscles in a frog^s blood are oval and larger than those 
of man. Are all of them nucleated ? (Fig. 258.) The flow of blood m 
the web of a frog’s foot is a striking and interesting sight. It may 
be easily shown by wrapping a small frog in a wet cloth and laying 
it with one foot extended upon a glass slip on the stage of a 
miscroscopc. 
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The brain of the frog (Fig. 259) is much like that of a fish 
(Fig. 224). The olfactory, cerebral, and optic lobes, cerebellum 
and medulla are in the same relative position, although their rela- 
tive sizes are not the same. Compared with the 
other parts, are the 
olfactory lobes more 
or less developed 
than in a fish? The 
cerebral hemispheres ? 

The optic lobes ? The 
cerebellum? There is 
a cavity in the brain. 

It is readily exposed 
on the under surface 
of the medulla by cut- 
ting the membrane, 

r .... .59. - Fl<;. *60. - NKKV.H s- SVSi KM 

Brain OK Froo. covering (Fig. 259), ok Fkoc. 




Frogs and toads are beneficial (why ? ) and do not the slight- 
est injury to any interest of man. If toads are encouraged 
to take up their abode in a garden, they will aid in ridding 
it of insects. A house may be made in a shady corner with 
fc:ir bricks, or better still, a hole a foot deep may be dug to 


furnish them protection from 
the heat of the day. A toad's 
muzzle is not so tapering as a 
frog’s (why ?), its feet are not 
so fully webbed (why?), and its 
skin is not so smooth (why ?). 
Incase of doubt open the mouth 
and rub the finger along the up- 
per jaw; a frog has sharp teeth, 




Fic, 261. — Position of legs in tail- 
less {A) and tailed (//) amphibian. 


a toad none at all. The tadpoles of frogs, toads, and sala- 


manders are much alike. In toad’s spawn the eggs lie in 


strings inclosed in jelly ; frogs spawn is in masses (Fig. 248). 
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Any batrachian may easily be passed around the class after placing 
it in a tumbler with gauze or net tied over top. It should be kept in a 
box with two inches of moist earth on the bottom. If no live insects 
are obtainable for feeding a toad, bits of moist meat may be dangled 
from the end of a string. If tadpoles are placed in a pool or tub in a 
garden, the toads hatched will soon make destructive garden insects 
become a rarity. 

Does a frog or a salamander have the more primitive 
form of body } Why do you think so ? Salamanders are 
sometimes called mud puppies. The absurd belief that 
salamanders are poisonous is to be classed with the belief 
that toads cause warts. The belief among the ancients 
that salamanders ate fire arose perhaps from seeing them 
coming away from fires that had been built over their 
holes on river banks by travelers. Their moist skin pro- 
tected them until the fire became very hot. 

Describe the “mud puppy'* shown in Fig. 262. In the 
West the pouched gopher, or rat (Fig. 371), is sometimes 
absurdly called a salamander. 



Fig. a6a. — BUHD Salamander y Found in caves And 

underground streams in Balkans. Gills external, tail finlike, legs small 


CHAPTER XII 


REPTILIA (REPTILES) 

This class is divided into four orders which have such 
marked differences of external form that there is no diffi- 
culty in distinguishing them. These orders are represented 
by Lizards, Snakes, Tw'tles, and Alligators, Of these, only 
the forms of lizards and alligators have similar propor- 
tions, but there is a marked difference in their size, 
lizards being, in general, the smallest, and alligators the 
largest of the reptiles. 

Comparison of Lizards and Salamanders. — To make clear 
the difference between reptiles and batrachians, it will be 
well to compare the orders in the two classes which re- 
semble each other in size and shape ; namely, lizards and 



Fig. 263. — A Sai.amamjer. Fig. 364.-— A Lizard. 


salamanders (Figs. 263 and 264). State in a tabular form 
their differences in skin, toe, manner of breathing, dexwhp 
fnent from egg, shape of tail, habitat, habits. Each has 
an elongated body, two pairs of limbs, and a long tail, yet 
they are easily distinguished. Are the differences sug- 
gested above valid for the other batrachians (frogs) and 
other reptiles {eg. turtles)? Trace the same differences 
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between the toad or frog (Fig. 250) and the ‘‘horned 
toad,” which is a lizard (Fig. 265). 



Fi(\ 265. — “Horned Toad” Lizard, of the Southwest 
( Phrynosoma cornita ) . x g. 


Study of a Turtle or Tortoise 

SuGtiRSTiONS. — Because of the ease with which a tortoise or 
turtle may be caught and their movements and habits studied, it is 
suggested that one of these be studied as an example of reptiles. 
Besides a live specimen, a skeleton of one sj^ecies and the shells of 
several species should be available. 



Fig. 266. — Euroi’KAN Pond rt’RTi.E /iz/tfr/a). (After Bt eh ms.) 


The body (of a turtle or tortoise) is divided distinctly into 
regions (Fig. 266). Is there a head Neck Trunk 
Tail ? The trunk is inclosed by the so-called shelly which 
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consists of an upper portion, the carapace, and a lower 
portion, the plastron. How are the other regions covered ? 
What is the shape of the head ? Is the mouth^ at the 
front, or on the under side? Where are the nostrils f 
Are the motions of breathing visible ? Is there a beak or 
snout ? Do the jaws contain teeth ? 

Do the eyes project? Which is thinner and more 
movable, the upper or lower lid? Identity the third eye- 
lid {nictitating membrane). It is translucent and comes 
from, and is drawn into, the inner corner of the eye. It 
cleanses the eyeball. Frogs and biids have a similar 
membrane. The circular ear drum is in a depressicui back 
of the angle of the mouth. What other animal studied 
has an external ear drum ? 

The tortoise has a longer, more flexible neck than any 
other reptile. Why does it have the greatest need for 
such a neck? Is the skin over the neck tight or loose ? 
Why ? 

Do the legs have the three joints or parts found on the 
limbs of most vertebrates ? How is the skin of the legs 
covered? Do the toes have claws? Compare the front 
and hind feet. Does the tortoise slide its body or lift it 
when walking on hard ground ? Lay the animal on its 
back on a chair or table at one side of tlie room in view 
of the class. Watch its attempts to right itself. Are 
the motions suited to accomplish the object ? Does the 
tortoise succeed ? 

What are the prevailing colors of turtles ? How dues 
their coloration correspond to their surroundings ? 

What parts of the tortoise extend at times beyond the 
shell ? Are any of these parts visible when the shell is 
closed? What movements of the shell take place as it is 
closed ? Is the carapace rigid throughout ? Is the plastron ? 
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The Skeleton (Fig. 267). — The carapace is covered with 
thin epidennal plates which belong to the skin. The bony 
nature of the carapace is 
seen when the plates are 
removed, or if its inner 
surface is viewed (Fig. 

267). It is seen to con- 
sist largely of wide ribs 
(how many?) much flat- 
tened and grown together 
at their edges. The ribs 
are seen to be rigidly at- 
tached to the vertebrae. 

The rear projections of 
the vertebrae are flattened 
into a scries of bony plates 
which take the place of 
the sharp ridge found 
along the backs of most 

vertebrates. Show that the shell 
of a turtle is not homologous with 
the shells of mollusks. Does the 
turtle have shoulder blades and 
collar bones ? H ip bones ? Thigh 
bones ? Shin bone (fibia) and splint 
bone (fibula)? (Fig. 267.) 

Do the plates formed by the ribs 
extend to the edge of the cara- 
pace ? See Fig. 267. About how 
ma^y bony plates form the cara- 
pace ? The plastron ? Do the 
horny plates outside correspond 
to the bony plates of the shell? 



Fig. a68 .— Th ree-cham- 
BEREi) Heart of a Rep- 
tile (tortoise). 

veins; A, 4 right and left auri- 
cles; ventricle: artcrie» to 
lungs; Ct veins from lungs ; t , m , 
two branches of aorta. Comt>are 
with Fig 369 ami colored Fig. a. 



Fig. 267. — Skeleton of European 
Tortoise. 

C, rib plates: M, marginal plates; plastron; 
//, humerus bone; radius; f/, ulna; 
/>, femur. 
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How many axial plates? How many costal (rib) plates? 
How many border plates? Which plates are largest? 
Smallest ^ t)o the horny plates 
overlap like shingles, or meet edge 
to edge ? Is there any mark where 
they meet on the bony shell r 
Basing it upon foregoing facts, 
give a connected and complete de- 
scription of the structure of the 
carapace. Compare the skeleton 
of the turtle with that of the snake, 

and cviue.ace the differences in ^ ^ 

Fig. 269.— Plan of Rkp- 

structure with differences in habits. tilian Circulation. 
Draw the tortoise seen from the Seearmws. 



side or above, with its shell closed, showing the arrange- 



FiG. 270. — Reptilian Vis- 
cera (lizard). 


ment of the plates. 

Place soft or tender vegetable 
food, lettuce, mushroom, roots, ber- 
ries, and water, also meat, in reach 
of the turtle. What does it pre- 
fer ? How does it eat ? It has no 
lips; how does it drink? 

Study the movements of its eye- 
balls and eyelids, and the respira- 
tory and other movements already 
mentioned. State a reason for 
thinking that no species of land 
animals exists that lacks the sim- 
ple power of righting itself when 
turned on its back. 

Tortoise, Turtle, Terrapin. — The 


/r. windpipe: A, heart; /*r, lung*; tUItlCS bcloUg tO the Order of tCp- 
/r, liver; ma, stomach; ddt ,, 11 1 r / * %r 

bidder. tiles called ehelontans. No one 
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can have any difficulty in knowing a member of this order. 
The subdivision of the order into families is not so easy, 
however, and the popular attempts to classify chelonians 
as turtles, tortoises, and terrapins have not been entirely 
successful. Species with a vaulted shell and imperfectly 
webbed toes and strictly terrestrial habits are called tor- 
toises. Species with flattened shells and strictly aquatic 
habits should be called terrapins {e.g. mud terrapin). They 
have three instead of two joints in the middle toe of each 
foot. The term turtle may be applied to species which are 
partly terrestrial and partly aquatic {e.g. snapping turtle 
(Fig. 271)). Usage, however, is by no means uniform. 



Fid. 271 . —Snapping Turtle {Chefydra serpentina). 


Most reptiles eat animal food ; green terrapins and some 
land tortoises eat vegetable food. Would you judge that 
carnivorous chelonians catch very active prey } 

The fierce snapping turtle, found in ponds and streams, 
sometimes has a body three feet long. Its head and tail 
are very large and cannot be withdrawn into the shell. 
It is carnivorous and has great strength of jaw. It has 
been known to snap a large stick in two. The box tortoise 
is yellowish brown with blotches of yellow, and like its 
close kinsman, the pond turtle of Europe (Fig. 266), with- 
draws itself and closes its shell completely. Both lids of the 
plastron are movable, a peculiarity belonging to these two 
species. The giant tortoise of the Galapagos Islands, ac- 
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cording to Lyddeker, can trot cheerfully along with three 
full-grown men on its back. ‘‘ Tortoise shell ” used for 
combs and other articles is obtained from the overlapping 
scales of the haw kbit I turtle ^ common in the West Indies. 
The diamond-back terrapin^ found along the Atlantic Coast 
from Massachusetts to Texas, is prized for making soup. 



Fig. 272.— a RArrLESNAKK. 


Venomous snakes of United 
States named in order of virulence : 
I. Coral snakes, Elaps, about sev- 
enteen red bands bordered with yel- 
low and black (colored figure 6) 
(fatal). 2. Rattlesnakes (seldom 
fatal). 3. Copperhead (may kill 
a small animal size of dog). 

4. Water moccasin (never fatal). 

5. Ground rattler. — Effects: Pulse 
fast, breathing slow, blood tubes 
dilated, blood becomes stored in ab- 
dominal blood tubes, stupefaction 



Fig. 273 17 .— Hkah op 
Vli'KJi, showing typical 
tiianL'.ular shaj)c ut head 
of venomoiis sn.nke. 



Fig. 273-?.— Side View, 
show ing poison fangs ; also 
tongue (forked, harmless). 



Fn;. 274. — Vitek’s Head, 
showing poison sac at 
base of fangs. 



Fig. 275.— Skpm., showing 
teeth, fangs, and quadrate 
bone to which lower jaw 
is joined. See Fig. 284. 
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an 4 death from blood being withdrawn from brain. Al 
ways two J)unctures, the closer together the smaller the 
snake. Remedies: Ligature between wound and heart, 
lance wound and suck ; inject into wound three drops of i 
per cent solution of chromic acid or potassium perman- 
ganate. Give strychnine, hypodermically, until strychnine 
symptoms (twitchings) appear. If symptoms of collapse 
recur, repeat dose. Digitalin or caffein acts like strych- 
nine ; alcohol has opposite effect. 

Protective Coloration and Mimicry. — When an animal 

imitates the color or form of its inanimate surroundings it 

^ protectively col- 

ored or formed. Give an 

instance of protective col- 

oration or form among 

Fig. 276.— “Glass Snake," a litard lizards; butterflies; grass- 

hoppers; amphibians; echi- 

noderms. When an animal imitates the color or form of 

another animal it is said to mimic the animal. Mimicry 

usually enables an animal to deceive 

enemies into mistaking it for an ani- 

mal which for some reason they avoid. 

The milkweed butterfly has a taste fig. 277.— skull of 

that is repulsive to birds. The vice- elaps- See colored 

rig. 5. 

roy butterfly is palatable to birds, but 

it is left untouched because of its 

close resemblance to the repulsive 

milkweed butterfly. The harlequin 

snake (Rla/s) of the Gulf states is the Fig, 278. * skull of 

only deadly snake of North America Lampropeltis, 

(Figs. 277, 278). It is very strikingly colored with rings of 

scarlet, yellow, and black. This is an example of teaming 

coloration. The coral snake {Lampropeltis) has bands of 


Fig. 277.— Skull of 
Elaps, See colored 
t=»g- 5- 


Fig, 278. » Skull of 
Lampropeltis. 
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scarlet, 76110?#, and black (colpred Fig. 6 ) of the same tints, 
and it is hardly distinguisha|>Ie from the harlequin. The 



Fig. 279. — Gila Monster {Udoderma suspectum), of Arizona, if poisonous, it 
is the only instance among lizards. It is heavy-built, orange and black mottled, 
and about i6 inches long. Compare it with the green lizard (Fig. 280) . 


coral snake is said to mimic the harlequin snake, 
imitates the quiet inoffensive hab- 
its of the harlequin snake, which 
fortunately does not strike except 
under the greatest provocation. 

The rattles of the less poisonous 
and seldom fatal rattlesnake 
(Fig. may be classed as an 
example of tvarning sound which 
most animals are quick to heed 
and thus avoid encounters which 
might be destructive to either the 
snake or its enemy. 

Survival of the Fittest. — The two 
facts of most far-reaching importance 
in the history of animals and plants 
are: (i) Heredity; animals inherit 
the characteristics of their parents. 

(2) Variation; animals are not ex- 
actly like their parents. The first 
fact gives stability, the second makes 


It also 



Fio. 280.— Chameleon (Ana- 
tis), or green lizard of south- 
ern U.S. Far excels European 
chameleon (Fig. aSi) and all 
known animals in power of 
changing color (green, gray, 
yellow, bronze, and black). 
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progress or evolution possible. The climate of the world is slowly 
changing, and animals must change to adapt themselves to it. A 
more sudden change of environment (surroundings) of animals 
occurs because of migration or isolation ; these in turn are caused 

by the crowding of 
other animals or by 
the formation or dis- 
appearance of geo- 
graphical barriers, 
such as deserts, water, 
mountain chains. 

The young vary in 
many ways from their 
parents. Some have 
a more protective color 

Fig, 281.— -CiiAMKLKON OF SoiJTHKKN Europe. ^ , 

or form, sharper claws, 

swifter movements, etc. The individuals possessing such bene- 
ficial variations live longer and leave more offspring, and because 
of heredity transmit the desirable qualities to 
some of their young. Variations which are dis- 
advantageous for getting food, defense, etc., cause 
shorter life and fewer offspring. Thus the fittest 
survive, the unfit perish ; an automatic naturat 
selection occurs. 

Darwin taught that variations are infinitesimal 
and gradual. Recent experiments and observa- 
tions seem to show that many variations arc by 
sudden jumps, somewhat resembling so-called 
freaks of nature.** As to whether these ‘‘ sports,” 
or individuals with new peculiarities, survive^ 
depends upon their fitness for their environ- 282^ _ 1,:^. 
ment. ” Survival of the fittest ** results from this bryo of a 




natural selection, but the selection occurs be- 
tween animals of marked, not infinitesimal, dif- 
ferences, as Darwin taught. Darwin’s theory is 


Turtle, show- 
ing four gill slits. 
(Challenger Re- 
iwrt.) 


probably true for species in the usual state of nature ; the new 


theory (of De Vries) is probably true for animals and plants under 


domestication and during rapid geographical changes. 
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Table for Review (for notebooks or blackboards). 



Fisk 

Tadpole 

FrcIg 

Turtle 

Lizard 

Limbs, kind and 
number 


i 




Are claws present ? 
How many ? 






Covering of body 






Teeth, kind of, if 
present 






Which bones found 
in man are lacking? 




j 


Chambers of heart 



I 

j 


Respiration 




1 


Movements 




j 




Fio, 383. — hus-llv.ADKli Tvktle (P/afyifemum m^aiaupialMm). x 1 . China, 
This and Fig. 282 suggest descent of turtles from a lizardlike form. Figure 28a 
shows earlier ancestors to have been gill breathers. 
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Suggestions. — The domestic pigeon, the fowl, and the English 
sparrow are most comnvonly within the reach of students. The 
last bird has become a pest and is almost the only bird whose 
destruction is desirable. The female is somewhat uniformly mot- 
tled with gray and brown in fine markings. The male has a black 
throat with the other markings of black, brown, and white, in 
stronger contrast than the marking of the female. As the different 
species of birds are essentially alike in structural features, the direc- 
ti(ms and questions may be used with any bird at hand. When 
studying feathers, one or more should be provided for each pupil 
in Ihe class. The feet and bills of birds should be kept for study. 



them for 

Eye. 


Does the body of the bird, like the toad and turtle, have 
a head, trunk, tail, and two pairs 
of limbs ? Do the fore and hind 
limbs differ from each other more or 
less than the limbs of other backboned 
animals ? Does any other vertebrate use 
purposes as widely different ? 

Does the eyeball have parts corresponding 
to the eyeball of a fish or frog; viz,, cornea, iris, pupil.? 
Which is more movable, the upper or lower eyelid? Are 
there any lashes ? The bird (like what other animal .?) has 
a third eyelid, or nictitating membrane. Compare its 
thickness wdth that of the other lids. Is it drawn over 
the eyeball from the inner or outer corner of the eye? 
Can you see in the human eye any wrinkle or growth 
which might be regarded as remains, or vestige, of such a 
membrane ? 





iSt 

How many nostrils? In which mandible are they 
located? Are they nearer the tip or the base of the 
mandible ? (Fig^. 284.) What is their shape ? Do the nasal 
passages go directly down through the mandible or do they 
go backward ? Is the inner nasal opening into the mouth 
or into the throat ? 

The beak or bill consists of the upper and lower man- 
dibles. The outside of the beak seems to be of what kind 
of material ? Examine the decapitated head of a fowl or of 
? dissected bird, and find 
if there is a covering on 
the bill which can be cut 
or scraped off. Is the 
mass of the bill of bony 
or horny material ? With 
what part of the human 
head are the mandibles 284.--.SKULL of domestic fowl. 

, , 3 / IT* o \ quadrate (“ four-sided ") bone by which lower 

homologous . (^r Ig. 2o4' } jaw is attached to skull (wanting in beasts, pres- 

Ears. — Do birds have * 

external ears ? Is there an external opening leading to the 
ear ? In searching for it, blow or push forward the feath- 
ers. If found, notice its location, size, shape, and what 
surrounds the opening. There is an owl spoken of as the 
long-eared owl. Are its ears long ? 

The leg has three divisions: the uppermost is the thigh 
(called the ‘‘second joint” in a fowl); the middle division 
is the shank (or “drumstick”); and the lowest, which is 
the slender bone covered with scales, is formed by the 
union of the ankle and instep. (The bones of the three 
divisions are named the femur, tibiotarsus, and tarsometa- 
tarsus.) Thofoot consists entirely of toes, the bone.s of 
which are called phalanges. Is there a bone in each claw ? 
(See Fig. 285.) Supply the numerals in this sentence: 
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The pigeon has toes, the 

hind toe having joints; 

of the three front toes, the 

inner has joints (count 

the claw as one joint), the 



Fiti. a86. — Skeleton of Bird. 


vertebric; C/, clavicle; Co, coracoid; scap- 
ula; Stt sternum; H, humerus; A’, radius; 
ulna; /*, thumb; /•>, femur ; 7', tibia. Sec Fig. 394. 
QttOStiont : Which is the stiffest portion of the 
vertebral column ? How are tltc ribs braced against 
each other f Wliich is longer, thigh bone or shin ? 
Compare shoulder blade with man's ( Fig. 399) . W^hich 
is the extra shoulder bone ? Compare tail vertebras 
with those of extinct bird, Fig. ago. 


Fio. 285.— LEt; Bones 
OF Bird, 

L middle has 

joints, and the 

* outer toe has 

joints (Fig. 285). 
Is the thigh of a bird bare or 
feathered ? The shin } The 
ankle ? Where is the ankle 
joint of a bird ? Do 
Z you see the remains 
of another bone (the 
splint bone, or fibula) 
^ on the shin bone of 
us; i\ the shank? (Fig. 285 

'»g- 394- VO./ 

of the or 286. ) Why would 

against gcvcral joints in the 

Which ankle be a disadvan 

xrtebraB , . , . 

tage to a bird ? 


BIRDS 


153 


The thigh hardly projects beyond the skin of the trunk, 
as may be noticed in a plucked fowl. The thigh extends 
forward from the hip joint (Fig?, 286, 299) in order to bring 
the point of support forward under the center of weight 
Why are long front toes more necessary than long hind toes ? 
As the bird must often bring its head to the ground, the 
hip joints are near the dorsal surface and the body swings 
between the two points of support somewhat like a silver 
ice pitcher on its two pivots. Hence stooping, which makes 
a man so unsteady, does not cause a bird to lose steadiness. 

The wing has three divisions which correspond to the 
upper arm, forearm, and hand of man (Fig. 286), When 
the wing is folded, the three divisions lie close alongside 
each other. Fold your arm in the same manner. The 
similarity of the bones of the first and second divisions to 
the bones of our upper arm and forearm is very obvious 
(Fig. 286). Ex. 
plain. The hand of 
a bird is furnished 
with only three dig- 
its (Fig. 287). The 
three palm bones 
(metacarpals) are 
firmly united (Fig. 

287). This gives 
firmness to the 
stroke in flying. 

That the bird is 
descended from ani- 
mals which had the 
fingers and palm bones less firmly united is shown by 
comparing the hands of a chick and of an adult fowl 
(Figs. 287, 288). The wrist also solidifies with age, the 



-Hand and Wrisi’ or Fowl 
( after Parker). 

DG. 1-3, digits: MC\ j-3, metacarpals; 

CC. 3, vrist. 

far OIGv 



Fir. 288. — Hand, Wrist (c), Fokr.ARM, and 
Klbow of Young Chick (after Parker). 
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five carfials of the chick being reduced to two in the fowl 
(Figs. 287, 288). The thumb or first digit has a separate 
covering of skin from the other digits, as 
may be seen in a plucked bird. The de- 
generate hand of the fowl is of course 
useless as a hand (what serves in its 
place ?) but is well fitted for firm support 
of the feathers in flying. The two bones 
of the forearm are also firmly joined. 
There are eighteen movable joints in our 

DKR Bones of arm and hand ; the bird has only the three 

Cassowary . • 

joints which enable it to fold its wing. 

The wrist joint is the joint in the forward angle of the wing. 

Since the fore limbs are taken up with loco- a 
motion, the grasping function has been as- 
sumed by the j( 77 vs\ How does their 
shape adapt them to this use? For 
the same reason the neck of a bird JIMf lK lIli/F 
surpasses the necks of all other ani- 
mals in what respect? Is the trunk 

flcxib|e or 

Explain. The same 

correlation is found in ^ 

which of the reptiles? p,,. 

(Why does rigidity of found in the rocks of a former geological 

trunk require flexibility 

£ ia\ j Question: Find two resemblances to reptiles in 

01 neck ?) Why does this extinct Urd absent from skdetonsofeataiit buds. 






iss 


the length of neck in birds correlate with the length of 
legs ? Examples ? (See Figs. 314, 315, 332.) Exceptions? 
(Fig. 324.) Why does a swan or a goose have a long 
neck, though its legs are short ? 

To make a firm support for the wings the vertebrae of 
the back are immovably joined, also there are three bones 
in each shoulder, the collar bone, 
the shoulder blade, and the 
coracoid bone (Fig. 286). The 
collar bones are united (why ?) 
and form the wishbone or 
“ pulling bone.’* To furnish sur- 
face for the attachment of the 
large flying muscles there is a 
prominent ridge or keel on the 
breastbone (Fig. 286). It is 
lacking in most birds which do 
not fly (Fig. 289). 

The feathers are perhaps the 
most characteristic feature of 
birds. The large feathers of the 
wings and tail are called quill 
feathers, A quill feather (Fig. 

291) is seen to consist of two 
parts, the shafts or supporting Fig. 391.--QUILL feather 
axis, and the broad vane or web. 

What part of the shaft is round ? Hollow ? Solid ? Is 
the shaft straight? Are the sides of the vane usually 
equal in width ? Can you tell by looking at a quill whether 
it belongs to the wing or tail, and which wing or which 
side of the tail it comes from ? Do the quills overlap 
with the wide side of the vane above or beneath the next 
feather ? Can you cause two parts of the vane to unite again 
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by pressing together the two sides of a split in the vane ? 
Does the web separate at the same place when pulled until 

it splits again ? 

The hollow part of the 
shaft of a quill feather is 
called the quilL The part 
of the shaft bearing the 
vane is called the rachis 
(ra-kis). The vane consists 
of slender barbs which are 
branches of the shaft (II, 
Fig. 292). As the name 
indicates (see dictionary), a 
barb resembles a hair. The 
barbs in turn bear second- 
ary branches called bar- 
bules, and these again have 
shorter branches called bar- 
bicels (III, Fig. 292). These are sometimes bent in the 
form of booklets (Fig. 292, III), and the booklets of 
neighboring barbules interlock, giv- 
ing firmness to the vane. When two 
barbules arc split apart, and then re- 
united by stroking the vane between 
the thumb and finger, the union may 
be so strong that a pull upon the vane 
will cause it to split in a new place 
next time. 

There are four kinds of feathers, 

(1) the quill feathers, just studied; 

(2) the contour feathers (I, Fig. 292), 
which form the general surface of the body and give it its 
outlines ; (3) the downy feathers (Fig. 293), abundant on 



Fig. 993. — a Down 
Feather, enlarged. 





Fig. 992.-1, Contour Feather. 
11, in, Parts or Quill Feather, 
enlarged. 
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nestlings and found among the contour feathers of the 
adult but not showing on the surface ; (4) the pin feathers, 
which are haif-like, and which are removed from a plucked 
bird by singeing. The contour feathers are similar in 
structure to the quill feathers. They protect the body 
from blows, overlap so as to shed the rain, and, with the 
aid of the downy feathers retain the heat, thus accounting 
for the high temperature of the bird. The downy feathers 
are soft and fluffy, as they possess few or no barbicels; 
sometimes they lack the rachis (Fig. 293). The pin feath- 
ers are delicate horny shafts, greatly resembling hairs, but 
they may have a tuft of barbs at the ends. 

A feather grows from a small projection (or papilla) found 
at the bottom of a depression of the skin. The quill is 
formed by "being molded around the papilla. Do you see 
any opening at the tip of the quill for blood vessels to enter 
and nourish the feather } What is in the quill } (Fig. 291.) 


The rachis } A young con- 
tour or quill feather is in- 
closed in a delicate sheath 
which is cast off when the 
feather has been formed. 
Have you seen the sheath 
incasing a young feather in 
a molting bird .? 

There are considerable 
areas or tracts on a bird's 
skin without contour feath- 



iG. 294 .— Dorsal and Vf.ntral 
Vir.w OF Pluckkd Hirp, showing 


ers. Such bare tracts are regions where feathers grow, 


found along the ridge of the breast and on the sides of 
the neck. However, the contour feathers lie so as to over- 
lap an 4 cover the whole body perfectly (Fig. 294). 

The shedding of the feathers is called moltiug. Feathers, 
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like the leaves of trees, are delicate structures and lose 
perfect fcondition with age. Hence the annual renewal 
^ jp of the feathers is 

an advantage. Most 
birds shed twice a 
year, and with many 
the summer plum- 
age is brighter col- 
ored than the winter 
plumage. When a 
feather is shed on 

Fin. 295 .— -Wing of Birix 

,, ^ . one side, the corre- 

/, false quiilH (on thumb); primaries; secondaries; 
tertiaries (dark) arc one above another at right; Sponding feather OB 
coverts. 11.1. 

the other side is 
always shed with it. (What need for this ?) A large 
oil gland is easily found on the 
dorsal side of the tail. How does ^ 

the bird apply the oil to the , ^ 

•s® If 

feathers ? 






Fki. ?g6. 

A, point dividing primaries from second, 
arics; O, coverts. 

In describing and classifying 
birds, it is necessary to know the 
names of the various external 
regions of the body and plum- 
age* These may be learned by 
studying Figs. 295, 296, 297, 298 


Fig. 397. — Cedar Waxwing, 
with regions of body marked. 

S, forehead; Sc, crown (with ctcil); 
//A, nape; A', throat; Sr, hreatt; 
Sa, lower parti.; S, back; St, tail; 
S, tail coverts; /*, shoulder feathers 
(scapulars) ; T, wing coverts; 
primaries ; A S, secondaries: AI, 
thumb feathers. ^ 

The quills on the hand. 


Binm 
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are called primaries, those on the forearm are the sec- 
ondaries, those on the upper arm are the tertiaries. Those 
on the tail art called tail yjn//s. The feathers at the 
base of the quills are called the c<n^erts. The thumb bears 
one or more quills called the spurious quills* Is the wing 
concave on the lower or upper ^ 

side ? What advantage is this 
when the bird is at rest ? When 
it is flying ? 

Control of Flight. — Didyouever^ 
see a bird sitting on a swinging ^ 

limb ? What was itfs chief means - 

of balancing itself ? When flying, 
what does a bird do to direct its ^ 
course upward ? Downward ? Is 

the body level when it turns to p,„ ^8 ._plan of bird. 
either side? Birds with long, center of gravity, 

pointed wings excel in what respect ? Examples ? Birds 
with great wing surface excel in what kind of flight ? Ex- 
amples. Name a common bird with short wings which 
has a labored, whirring flight. Is its tail large or small ? 

Does it avoid obstacles and direct its 
^ flight well ? Why or why not ? When 

/ a boat is to be turned to the right, 

\ must the rudder be pulled to the right 

or the ieft"? rudder drags in 

the water and thus . pulls the boat 
around.) When the bird wishes to 

Fig. 399. — Position of go upward, must its tail be turned up 
LIMBS OF Pigeon. , 4. 

or down ? How when it wishes to go 
down ? When a buzzard soars for an hour without flapping 
its wiugs, does it move at a uniform rate ? For what does 
it use the momentum gained when gbing with the wind ? 
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Flying. — When Studying the quill feathers of the wing, 
you saw that the wider side of the vane is beneath the 
feather next behind it. During the downward stroke of 
the wing this side of the vane is pressed by the air against 






ftf clambering foot of chimney sweep; f>, climbnijii foot of woodpecker; r, perching foot of 
thruah; ieixinij; foot of hawk: e, scratching foot of pheasant; L stalking fi.ot of kmg- 
hfthcr; jf, running fool of ostrich; A, wading foot of heron; i, paddling foot of gull; 

swimming fool of du<;k; /, steering foot of cormorant; w, diving foot of grebe; skim- 
ming foot of coot. Qiaettion : Does any bird use its foot as a hand? (Fig. 330.) 

the feather above it and the air cannot pass through the 
wing. As the wing is raised the vanes separate and 
the air passes through. The convex upper surface pf 
the wing also prevents the wing from catching air as 
it is raised. Spread a wing and blow strongly against 
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its lower stirface; its upper surface. What effects are 
noticed ? 

Study the scales on the leg of a bird (Fig. 300). Why is 
the leg scaly rather than feathered from the ankle down* 
ward? Which scales are largest? (Fig. 300.) How do 
the scales on the front and back differ ? What can you 
say of the scales at the bottom of the foot ; at the joints 
of the toes ? Explain. How does the covering of the 
nails and bill compare in color, texture, hardness *?nd firm- 
ness of attachment with the scales of the leg ? 

Draw an outline of the bird seen from the side. Make 


drawings of the head and feet 
more detailed and on a larger 
scale. 

Why does a goose have more 
feathers suitable for making pil- 
lows than a fowl ? In what 
country did the domestic fowl 
originate? (Encyclopedia.) Why 
does a cock crow for day ? 
(Consider animal life in jungle.) 

Activities of a Bird. — Observe 
a bird eating. Does it seem to 
chew or break its food before 
swallowing ? Does it have to 
lift its head in order to swallow 
food ? To swallow drink ? Why 
is there a difference ? After feed- 
ing the bird, can you feel the 
food in the crop, or enlargement 
of the gullet at the base of the 
neck? (Fig. 304.) 

Feel and look for any move- 



Fio. 301. — An Altricai. Bird, 
r>. poorly developed at hatch., 
ing. Young pigeon, naked, 
beak too weak for eating. 



Fig. 302.—^ a rREcocrAT. Bird 

(well developed at hatching). 
Feathered, able to run and to 
pick up food. Precocity is a 
sign of insunctive life and low 
intelligence. A baby i» not pre- 
cocious. 

Qmstion: I» pigeon or fowl ex- 
posed to more danfors in infancy f 


M 
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merits M' hreatking. Can you find how often it breathes 
per minute ? Place hand under the bird's wing. What 
do you think of its temperature ; or better, what tempera- ^ 
ture is shown by a thermometer held under its wing ? Do 
you see any connection between the breathing rate and the 
temperature ? Test (as with the crayfish) whether a bird 
can sec behind its head? Notice the movements of the 
nictitating membrane. Does it appear to be transparent ? 

Watch a bird Jly around a closed room and review the 
quCvStions on Control of Flight. 

Bend a bird’s leg and see if it has any effect upon its 
toes. Notice a bird (especially a large fowl) walk to see 
if it bends its toes as the foot is lifted. Pull the rear 
tendon in a foot cut from a fowl for the kitchen. Does 
the bird have to use muscular exertion to grasp a stick 
upon which it sits ? Why, or why not ? When is this 
bending of the toes by bending the legs of special ad- 
vantage to a hawk ? To a duck ? A wading bird ? Why 
is a fowl safe from a hawk if it stands close to a tree ? 

Do you see any signs of teeth in the bird’s jaws ? Why 
are duck’s ** teeth ’* (so called by children) not teeth ? 

Can the tongue of a bird be 
pulled forward ? (Fig. 303.) 
What is its shape ? If there 
is opportunity, dissect and 
study the ' slender, bony 
(hyoid) apparatus to which 
the base of the tpngue is 
attached (F'ig. 303), the open- 
ing of the windpipe, or 
trachea, the slit-like opening 
of windpipe which is so narrow as to prevent food falling 
Into the windpipe. 
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The Isterltal Organs, or Viscera (Figs. 304 and 305). 
— The viscera (vis'se-ra), as in most vertebrates, vulude 
Jbhe food, tube and its glands; the lungs, the heart, and 
larger^ blood vessels; the kidneys and bladder and the 
reproductive organs. The lower part, or gullet, is en- 
larged into a crop. It is largest in grain-eating birds. It 



Fig. 304.— Anatomy of Dove 

W, keel of breastbone; G^g, brain; /r, 
windpipe: lu, lung; A, heart; sr, gul- 
let; crop; dr, glandular stomach; 
mm, gizzard; d, intestine ; n, kidmy; 
kl, ureter; eil, openings of ureter and 
egg duct in#! cloaca, kU 



Fig. 305. — F'ooi) Tuhe of Bird. 
/*, pancreas; C, caeca. 
Question: Identify each part by means 
of Fig. 304. 


is found in the V-shaped depression at the angle of the 
wishbone, just before the food tube enters the thorax. 
The food is stored and softened in the crop. From the 
crop the food passes at intervals into the glandular stomach. 
Close to this is the muscular stomach, or gizzard. Are the 
places of entrance and exit on opposite sides of the gizzard, 
or near together ? (Fig. 304.) Is the lining of the gizzard 
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rough or smooth ? Why ? Is the gizzard tough or weak ? 
Why are small stones in the gizzard ? Why do not hawks 
and other birds of prey need a muscular gizzard? The 
liver and pancreas empty their secretions into the intestines 
by several ducts a little way beyond the gizzard. Beyond 
the mouths of two caeca (Fig. 305) the many-coiled 



intestine empties into the straight 
rectum, which terminates in a 
widened part called the cloaca. 
Not only the intestine, but the 
two ureters of the urinary system 
and the two genital ducts of the 
reproductive system all empty into 
the cloaca (Figs. 304, 305). 

The lungs have their rear sur- 
faces attached to the spinal 
column and ribs (///, Fig. 304). 
They are connected with thin- 
walled, transparent air sacs which 
aid in purifying the blood. When 
inflated with warm air, they prob- 


FiG.3o6.~PosrrioNOFTATNr.s ably make the body of the bird 


AND Air Sacs (Pigeon). more buoyant. For the names, 


Tr^ windpipe; P, lungs; Zw, sac 
under clavicle %^ith prolong.ation 
(jCA) into humenu; Zu, !*ac5 in 
abdomen. 


location, and shape of several 
pairs of air sacs, see Fig. 306. 
The connection of the air sacs with 


hollows in the humerus bones is also shown in the figure. 
Many of the bones are kollozv ; this adds to the buoyancy of 
the bird. The pulmonary artery, as in man, takes dark 
blood to the lungs to exchange its carbon dioxide for 
oxygen. Of two animals of the same weight, which ex- 
pends more energy, the one that flies, or the one that runs 
the same distance? Does a bird require more oxygen 
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or less, in proportion to its weight, than an animal that 
lives on the ground? Are the vocal cords of a bird 
higher or lower in the wind- 
pipe than those of a man? ^ ^ 

(Fig. 307.) 

The heart of a bird, like a 
man's heart, has four cham- 
bers ; hence it keeps the 
purified blood separate from 
the impure blood. Since 
pure blood reaches the or- 
gans of a bird, oxidation is 
more perfect than in the 
body of any animals yet 
studied. Birds have higher 
temperature than any other class of animals whatsoever. 
Tell how the jaws, tail, and wings of the fossil bird 
Archaeopteryx differed from living birds (Fig, 290). 



Fig. 307. — Position of V'ocai. 
CoRi>s (>/r) OF Mammal and Bird. 

Question : Docs a fowl ever croak after 
its head and part of its neck arc cut off? 
Explain. 


Suggestions. — In the field work, besides .scekinij^ tlie answers to 
definite questions, j^upils may be required to hand in a record of the 
places and times of seeing a certain number of birds (20 to 40), with 
the actions and features which made each distinguisliable. Also, and 
more important, each pupil should hand in a record of a careful and 
thorough outdoor study of one common species (see below) as regards 
habits, nesting, relation to environment, etc. 


Field Study of a Common Species. — {For written report.) 
Name of species. Haunts. Method of locomotion when not 
flying. Flying (rate, sailing, accompanying sound if any, soaring). 

What is the food? How obtained? Association with birds of 
its own species. Relation to birds of other species. 

Where does it build its nest? Why is such a situation selected? 
Of what is the nest built? How is the material carried, and 
how built into the nest? Does the binl’s body fill the nest? 

Describe the eggs. Does the male bird ever sit or otherwise 
assist female before hatching? Does it assist after hatching? 




Fk;. 308. — Kukoi'kan Tomtit's 
What are the advantages of its shajx: ? 


fore they leave the nest? 
Do the parents try to teach 
them to fly? Do the par- 
ents care for them after the 
nest is left ? What songs or 
calls has the bird ? 

General Field Study. — 
( Fifr writ ten repo rf. ) Name 
the best and poorest flyers 
you know ; birds that fly 
most of the time ; birds that 
seldom fly. Observe birds 
that pair; live in flocks. 
Does their sociability vary 
with the season? Do you 
ever see birds quarreling? 


Fia. 309.— Taiior Bird’s Nest (India). 

' Imtinct fo« nett building hi|d«ly peifecMId. 
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Fighting? What birds do you observe whipping or driving birds 
larger than themselves? Which parent do young birds most re- 
semble? Name the purposes for which birds sing. Which senses 
are very acute? Why? Dull? Why? Can you test your state- 
ments by experiment? A partridge iisually sits with 18 to 24 
eggs in nest. Abput how long after laying first egg before sitting 
begins? Do several partridge hens lay in the same nest? 

Haunts, — Name some birds that are found most often in 
the following localities : about our homes, in gardens and or- 
diards, fields and meadows, 
in bushes, in the woods, 
in secluded woods, around 
streams of water, in thick- 
ets, in pine woods. 

Size, — Name birds as 
large as a robin or larger, 
nearly as large, half as large, 
much smaller. 

Colors, — Which sex is 
more brilliant? What ad- 
vantage are bright colors to 
one sex? What advantage 
are dull colors to the other 
sex? Which have yellow breasts, red patch on heads, red or 
chestnut breasts, blue backs, black all over? 

Habits, — Name the birds that walk, jump, swim, live in flocks, 
sing while flying, fly in undulations, in circles, have labored flight. 

Such books as Wright’s ‘‘Birdcraft” (Macmillan, N. Y.), Clark’s 
"Birds of Lakeside and Prairie” (Mumford, (Chicago), and Pear- 
son’s "Stories of Bird Life” (B. F. Johnson, Richmond), will be 
of great help. The last book is delightfully written, and is one of 
the few treating of bird life in the South. 

Economic Importance of Birds. — Farmer.s find their 
most valuable allies in the class aves, as birds are the dead- 
liest enemies of insects and gnawing animals. To the in- 
numerable robbers which devastate our fields and gardens, 
nature opposes the army of birds. They are less numerous 



Fic;. 310. — House Wren. 
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than insects and other 
robbers, it is true, but 
they are skillful and 
zealous in pursuit, keen 
of eye, quick, active, 
\ and remarkably vora- 

^ cfous. The purely in- 

sectivorous birds are 
the most useful, but the 
omnivorous and grami- 
nivorous birds do not 
disdain insects. The 
perchers and the wood- 
Fig, 311. - Scrkkcu Owl asw). peckers should be pro- 

Question; ('omparc posture of body, position of tectcd fflOSt Cai'CplllIy . 

eyes, and size of eyes, with other birds. • 1 1 • i t 

The night birds of prey 
(and those of the day to a less degree) are very destructive 
to field mice, rabbits, and other 
gnawing animals. Some igno- 
rant farmers complain continu- 
ally about the harm done by 

' / *?•* 

birds. To destroy them is as 
unwise as it would be to destroy 
the skin which protects the hu- 
man body because it has a spot ^ 
upon it! It cannot be repeated 
too plainly that to hunt useful 


birds is a wrong and mischievous 
act, and it is stupid and barba- 
rous to destroy their nests. 

Injurious birds are few. Of 
course birds which are the ene- 
mies of other birds are enemies 



Fig. 31a.— G oshawk, 
or chicken hawk. 
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Fig. 313. — Road Runner, or ch.iparral bird (Tex. to Cal.). What order? 
(Key, p. 177.) 


of mankind, but examples are scarce (some owls and 
hawks). Many birds of prey are classed thus by mistake. 
Sparrow hawks, for instance, do not cat birds except in 
rare instances ; they feed chiefly upon insects. A sparrow 
hawk often keeps watch over a field where grasshoppers 
are plentiful and destroys great numbers of them. When 
a bird is killed because it is supposed to be injurious, the 
crop should always be examined, and its contents will often 
surprise those who are sure it is a harmful bird. The 
writer once found two frogs, three grasshoppers, and five 
beetles that had been swallowed by a “ chicken hawk 
killed by an irate farmer, but no sign of birds having been 
used for food. Fowls should not be raised in open places, 
but among trees and bushes, where hawks cannot swoop. 
Birds which live exclusively upon fish are, of course, 
opposed to human interests. Pigeons are destructive to 
grain; eagles feed chiefly upon other birds. 

If the birds eat the grapes, do not kill the birds, but plant 
more grapes. People with two or three fruit trees or a/mall 
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garden are the only ones that lose a noticeable amount of 
food. Wc cut down the forests from which the birds ob- 
tain part of their food. We destroy insect pests at great 
cost of spraying, etc. The commission the birds charge 
for such work is very small indeed. (See pages 177-183.) 



Fig. 314. — W'ooi) I)r('K, male {Aix sponsti). Nests in hollow trees throughout 
North America. Also culled summer duck in South. Why ? 

The English sparrow is one bird of which no good word 
may be said. Among birds, it holds the place held by rats 
among beasts. It is crafty, quarrelsome, thieving, and a 
nuisance. It was imported in 1852 to cat moths. The 
results show how ignorant we are of animal life, and how 
slow wc should be to tamper with the arrangements of 
nature. In Southern cities it produces five or six broods 
each year with four to six young in each brood. (Notice 
what it feeds its young.) It fights, competes with and 
drives away our native useful birds. It also eats grain and 
preys upon gardens. They have multiplied more in Aus- 
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tralia and the United States than in Europe, because they 
left behind them their native enemies and their new ene- 
mies (crows, jays, shrikes, etc.) have not yet developed, to 
a sufficient extent, the habit of preying upon them. Nature 
will, perhaps, after a long time, restore the equilibrium 
destroyed by presumptuous man. 

Protection of Birds. — i. Leave as many trees and bushes 
standing as possible. Plant trees, encourage bushes. 

2. Do not keep a cat. A mouse trap is more u.«^cful than 
a cat. A tax should be imposed upon owners of cats. 

3. Make a bird bouse and place on a pole , remove 
bark from pole that cats may not climb it, or put a broad 
band of tin around the pole. 

4. Scatter food in winter. In dry regions and in hot 
weather keep a shallow tin vessel containing water on the 
roof of an outhouse, or out-of-the-way place for shy birds. 

5. Do not wear feathers obtained by the killing of birds. 
What feathers are not so obtained } 


6. Report all violators of laws for protection of birds. 

7. Destroy English sparrows. 

Migration. — Many birds, in fact most birds, migrate to 
warmer climates to spend the winter. Naturalists were 
once content to speak of the migra- 
tion of birds as a wonderful instinct, 
and made no attempt 
to As- 

birds have the warmest covering 
of all animals, the winter mi- 
gration is not for the pur- 

Fig. 315. — gri-.at Blue Heron, pose of escaping the cold; it 
In flight, balancing with legs. jg probably to cscapc starva- 

tion, because in cold countries food is largely hidden by 
$now in winter. On the other hand, if the birds remained 
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in the warm countries in summer, the food found in north- 
ern countries in summer would be unused, while they 
would have to compete with the numerous tropical birds 
for food, and they and their eggs would be in danger from 
snakes, wild cats, and other beasts of prey so numerous in 
warm climates. These are the best reasons so far given 
for migration. 

The manner and methods of migration have been studied 
more carefully in Europe than in America. Migration is 



tlG. 316, — EiJRorFAU SvVAJ-Lows ilssombling foF autumn 

flight to South. 

not a blind, infallible instinct, but the route is learned and 
taught by the old birds to' the young ones ; they go in 
flocks to keep from losing the way (Fig. 516); the oldest 
and strongest birds guide the flocks (Fig. 317). The birds 
which lose their way are young ones of the last brood, or 
mothers that turn aside to look for their strayed young. 
The adult males seldom lose their way unless scattered 
by a storm. Birds are sometimes caught in storms or 
join flocks of another species and arrive in countries 
unsuited for them, and perish. For example, a sea or 



BmDS 


m 


marsh bird would die of hunger on arriving in a very dry 
country. 

The landmarks of the route are mountains, rivers, valleys, 
and coast lines. This knowledge is handed down from one 
generation to another. It includes the location of certain 
places on the route where food is plentiful and the birds 
can. rest in security. Siebohm and others have studied 
the routes of migration in the Old 
World. The route from 

the nesting places in 
^ norther ft l{u- 

Africa fol- ^ rope to 

lows the Rhine, bA 

the Lake of Geneva, 
the Rhone, whence some spe- 

cies follow the Italian and others the Span- 3x7 . _ cranes 

ish coast line to Africa. Birds choose the mkjratini;, with 
lowest mountain passes. The Old World 
martin travels every year from the North 
Cape to the Cape of Good Hope and hack again ! An- 
other route has been traced from Egypt along the coast 
of Asia Minor, the Black Sea and Ural Mts. to Siberia. 

Field Study of Migration. — Three columns may he filled 
on the blackboard in an unused corner, taking several 
months in spring or fall for the work. F/rs/ column, birds 
that stay all the year. Second column, birds that come 
from the south and are seen in the summer only. Third 
column, birds that come from the north and are seen in 
winter only. Exact dates of arrival and departure and 
flight overhead should be recorded in notebooks. Many 
"such records will enable American zoologists to trace the 
migration routes of our birds. Reports may be sent to the 
chief of the Biological Survey, Washington, D.C. 


Fir.. 3x7. — Cranes 
Mi(;ratiN(;, with 
lrail(;r at point of 
V'j»hiiix:d Imt;. 




Fk;. 3T0. — dfn. Silver, and Noble Pheasants, males. Order? 
(Key, p. 177.^ Ornaments of males, brightest in season of courtship, are due to 
sexual selection (F*igs. 321-7-9, 333). 


evidence of the molting of birds ? Describe the molting 
process (page 120). '■ 
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Adaptations for 


Flying. — Flight 
is the most diffi- 
cult and energy- 
consuming meth- 
od of moving 
found among ani- 
mals, and care- 
ful adjustment is 
necessary. For 
balancing, the 
heaviest muscles 
are placed at the 
lower and central 



portion of the body. 

These are the flying 
muscles, and in some 
birds (humming birds) 
they make half of the 
entire weight. Teeth 
are the densest of ani- ^ 

mal structures; teeth 
and the strong chew- 
ing muscles required 
would make the head fig. 321. -biri.i^k 
heavy and balancing fakai»jm- ^As»j.i). 

difficult ; hence the chewing apparatus is 
transferred to the heavy gizzard near the 
center of gravity of the body. The bird's 
neck is long and excels all other necks in 
flexibility, but it is very slender (although 
apparently heavy), being inclosed in a 
loose, feathered skin. A cone is the best 





Fig. 321. - Biku (m 

FAKA1»JM- ^AbJ.l). 
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shape to enable the body to penetrate the air, and a small 
neck would destroy the conical form. The internal organs 
are compactly arranged and rest in the cavity of the breast 
bone. The belJows-Iike air sacs filled with warm air- 
lighten the bird’s weight. The bones are hollow and very 
thin. The large tail quills are used by the bird only in • 
guiding its flight up and down, or balancing on a limb. 

The feet also aid a 
flying bird m bal- 
ancing. The wing 
is so constructed as 
to present to the 
air a remarkably 
large surface com- 
pared with the 
small bony support 
in the wing skele- 
ton. Are tubes 

Fig. 32a. — IIf.rkinc Gull. (Order?) , , 

ever resorted to by 

human architects when lightness combined with strength 
is desired } Which quills in the wing serve to lengthen 
it? (Fig. 296.) To broaden it? Is flight more difficult 
for a bird or a butterfly ? Which of them do the flying 
machines more closely resemble? Can any bird fly for a 
long time without flapping its wings ? 

Exercise in the Use of the Key — -Copy this list and write the name 
of the order to which each of the birds belongs. (Key, page 177.) 

Cockatoo (Fig. 320") Wren (Fig. 310) Pheasant (Fig. 319) 

Sacred Ibis (Fig. 328) Apteryx (Fig. 318) Wood Duck (Fig. 314) 
Screech Owl (Fig. 31 1 ) Lyre bird ( Fig. 327) Jacana (Fig. 324) 
Nightingale (Fig. 325) Road Runner(Fig. 313) Sea Gull (F'ig. 322) 
Top-knot ( 2 nail (Fig. Ostrich (Fig. 332) Heron (Fig. 315) 

329) Penguin (Fig. 330) Hawk (Fig. 312) 
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KEY, OR TABLE, FOR QhP SSIFYING BIRDS {Class Aves) 
INTO ORDERS 


Aj Wings not suited for flight, 2 or 3 toes 
Aj Wings suited for flight (except the penguin) 
Bj Toes united by a web for viuirntnins^. legs short 
C| Feel placed far back ; wings short, tip not 
reaching to base of tail (Fig. 300) 

Cj BilJ flattened, horny plates under margin 
of upper bill (Fig. 323) 

C3 Wings long and pointed, bill slender 
C4 All four toes webbed, bare sac under 
throat 

B^ Toes not united by web for swimming 
C, Three front toes, neck and legs long, tibia 
(shin, or ^‘drumstick") partly bare 
Cg Three front toes, neck and legs not long 
•Dj Claws short and blunt (e, Fig. 300) 

E; Feet and l>eak stout, young feathered, 
base of hind toe elevated 
Feet and beak weak, young naked 
Djj Claws long, curved and sharp, bill 
hooked and sharp 

D.( Claws long, slightly curved, bill nearly 
straight 

C.:5 Two front and two hind toes (Fig. 300) 
Dj Bill straight, feet used for climbing 
D* Bill hooked, both bill and feet used for 
climl'ing 


Oruers 

Runners 

Divers 

Ibl.L-STKAINERS 

SEA-Fi>IERS 

Ch)R(;t.KS 

Waders 


Sc’R ATCIIERS 


M KSSENttERS 
Korhers 

Perchers 


F» )(>T-CI,TMBERS 
Bill-climbers 


The Food of Birds. Extracts from Bulletin No. 54 
(United States Dept, of Agriculture), by E. K. L. Beal. 

The practical value of birds in controlling insect pests should 
be more generally recognized. It may be an easy matter to 
exterminate the birds in an orchanl or grain field, but it is an 
extremely difficult one to control the insect pests. It is certain, 
too, that the value of our native sparrows as weed destroyers is 
not appreciated. Weed seed forms an imjxirtant item of the 
winter food of many of these birds, and it is impossible to estimate 
the immense numbers of noxious weeds which are thus annually 

N 
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destroyed. If crows or blackbirds are seen in numbers about 
cornfields, or it woodpeckers are noticed at work in an orchard, 
it is perhaps not surprising that they 
are accused of doing harm. Careful in- 
vestigation, however, often shows that 
they are actually destroying noxious in- 
sects ; and also that even those which 
do harm at one season may compensate 
for it by eating insect pests at another. 
Insects are eaten at all times by the 
majority of land birds. During the 
breeding season most kinds subsist largely on this food, and rear 
their young exclusively upon it. 

Partridges. — Speaking of 13 birds which he shot, Dr. Judd says : 
These 13 had taken weed seed to the extent of 63 per cent of 



Fit;. 324. — Jac vna. (\lcxico. Southwest Texas, and Florida.) 
QttesttOllA: What appcart to be the use of auch long toes? What peculiarity of wing? head?* 

their food. Thirty-eight per cent was ragweed, 2 per cent tick 
trefoil, partridge pea, and locust seeds, and 23 per cent seeds of 
miscellaneous weeds. About 14 per cent of the quail's food for 
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the year consists of animil matter (insects and their allies). 
Prominent among these are the Colorado potato beetle, the 
striped squash beetle, the cotton Ooll- weevil, grasshoppers. As a 
weed destroyer the quail has few, if any, superiors. Moreover, 
its habits are such that it is almost constantly on the ground, 
where it is brought in clo^^e contact with both weed seeds and 
ground-living insects. It is a good ranger, and, if undisturbed, will 
patrol every day all the fields in its vicinity as it searches for food. 



Fio. 325 .— Niohtincalk, y 5. Fu'*. 326. — Sky lark, x 

Two celebrated European songsters. 


Doves. — The food of the dove consists of seeds of weeds, 
together with some grain. The examination of the contents of 
237 stomachs shows that over 99 per cent of the food consists 
wholly of vegetable matter. 

Cuckoos. — An examination of the stomachs of 46 black-billed 
cuckoos, taken during the summer months, showed the remains 
of 906 caterpillars, 44 beetles, 96 grasshoppers, 100 sawflies, 30 
stink bugs, and 15 spiders. Of the yellow-billed cuckoos, or 
** rain-crow,” 109 stomachs collected from May to October, in- 
clusive, were examined. The contents consisted of 1,865 cater- 
pillars, 93 beetles, 242 grasshoppers, 37 sawflies, 69 bugs, 6 flies, 
and 86 spidei^ 
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Woodpeckers. — Careful observers have noticed that, excepting 
a single species, these birds rarely leave any conspicuous mark on 
a healthy tree, except when it is affected by wood-boring larvse, 
which are accurately located, dis- 
lodged, and devoured by the wood- 
pecker. Of the flickers’ or yellow- 
hammers’ stomachs examined, three 
were completely filled with ants. 

Two of the birds each 
contained more than 
3,000 ants, while the 
third bird contained fully 
5,000. These ants be- 
long to species which 
live in the ground. It is 
these insects for which 
the flicker is reaching 
when it runs about in the 
grass. The yellow-bellied 
woodpecker or sapsucker 
{Sphynipicus vapius) was shown to be guilty of pecking holes in 
the bark of various forest trees, and sometimes in that of apple 

trees, and of drinking the 
sap when the pits became 
filled. It has been proved, 
however, that besides tak- 
ing the sap the bird cap- 
tures large numbers of 
insects which are attracted 
by th<? sweet fluid, and 
that these form a very 
considerable portion of 
its diet. The woodpeck- 
ers seem the only agents 
which can successfully 



Fici. 327. — Lyrk. Bird, male. 





Fig, 3»8. - Sacred inis. (Order?) 

cope with certain insect enemies of the forests, and, to some 
extent, with those of fruit trees also. For this reason, if for no 
other, they should be protected in every possible way. 
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The night hawk, or ‘^hull bat,” may be seen most often soaring 
high in air in the afternoon or earl> evening. It nests upon rocks or 
bare knolls and flat city roofs. Its food consists of insects taken 
on the wing ; and so greedy is the bird that when food is plentiful, 
it Alls its stomach almost to bursting. Ants (except workers) have 
wings and fly as they are picparing to propagate. In destroying 
ants night hawks rank next to, or even with, J^he woodpeckers, the 
acknowledged ant-eaters among birds. 



Fit:. 329 -'r(>r-KN(»r Qt-AJi.. cr Cali<(»rma l*ailndgc. 
(West 'rcxas to Caiilornia.) 


The kingbird, or martin, is largely insectivorous. In an ex- 
amination of 62 stomachs of this bird, great care was taken to 
identify every insect or fragment that had any resemblance to a 
honeybee ; as a result, 30 honeybees were identified, of which 29 
were males or drones and i was a worker. 

Blue Jay. — In an investigation of the food of the blue jay 300 
stomachs were examined, which showed that animal matter com- 
prised 24 per cent and vegetable matter 76 per cent of the bird’s 
diet. The jay’s favorite food is mast (Lf. acorns, chestnuts, 
chinquapins, etc.), which was found in 200 of the 300 stomachs, 
and amounted to more than 42 per cent qf the whole food. 



182 


ANIMAL BIOLOGY 



Fic;. 330.— Penguin of Pata- 
gonia. Wings used as flip- 
pers ior swimming. 


Crow. — That he does pull up sprouting com, destroy chickens, 
and rob the nests of small birds has been repeatedly proved. Nor 
are these all of his sins. He is known to eat frogs, toads, sala- 
manders, and some small snakes, all 
harmless creatures that do sonie good 
by eating insects. Experience has 
shown that they may be prevented 
from pulling up young corn by tarring 
the seed, which not only saves the 
corn but forces them to turn their at- 
tention to insects. May beetles, “ dor- 
bugs,” or June bugs, and others of 
the same family constitute the princi- 
pal food during spring and early sum- 
mer, and are fed to the young in 
immense quantities. 

Ricebird. — The annual loss to rice 
growers on account of bobolinks has 
been estimated at $2,000,000. 

Meadow Lark. — Next to grasshop- 
pers, beetles make up the most impor- 
tant item of the meadow lark’s food, 
amounting to nearly 21 per cent. 
May is the month \vhen the dreaded 
cut-worm begins its deadly career, and 
then the lark does some of its best 
work. Most of these caterpillars are 
ground feeders, and are overlooked 
by birds which habitually frequent 
trees, but the meadow lark finds and 
devours them by thousands. 

Sparrows. — Examination of many stomachs shows that in 
winter the tree sparrow feeds entirely upon seeds of weeds. 
Probably each bird consumes about one fourth of an ounce a 
day. Farther south the tree sparrow is replaced in winter by the 
white-thraited sparrow, the white-crowned sparrow, the fox spar- 
row, the song sparrow, the field sparrow, and several others ; so 
that all over the land a vast number of these seed eaters are at 



Fig. 331. — llnibrolla holding 
the nests of social vx^aver 
bird of Africa; polygamous. 
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work during the colder months reducing next year’s crop of worse 
than useless plants. 

Robin. — An examination of 500 stomachs shows that over 
42 per cent of its food is animal matter, principally insects, 
while the remainder is made up largely of small fniits or 
berries. Vegetable food forms nearly 58 per cent of the stom- 
ach contents, over 47 per cent being wild fruits, and only a 
little more than 4 per cent being possibly cvltivMted varieties. 
Cultivated fruit amounting to about 25 ])er cent was found 
in the stomachs in June and July, but only a trifle in Atigust. 
Wild fruit, on the contrary, is eaten in every 
month, and constitutes dtiring half the year a 
staple food. 

Questions. — Which of these birds are com- 
mon in your neighborhood ? Which of them 
accoiding to the foregoing report are ]>lainly inju- 
rious? Clearly beneheial? Doubtful? Which 
are great destroyers 
of weed seeds? 

Wood-borers? Ants? 

Grain? Why is the 
destruction of an ant 
by a night hawk of 
greater benefit than 
the destruction of an 
ant by a woodpecker ? 

Name the only wood- 
pecker that injures 
trees. If a bird eats 
two ounces of grain 
and one ounce of in- 
sects, has it probably 
done more good or 
more evil? 



Fig. 332.— African Ostrich, x (Order?) 
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MAMMALS (BEASTS AND MAN) 

SuoGEsrnoNS. — A tame rabbit, a house cat, or a pet squirrel may 
be taken to the school and observed by the class. Domestic ani- 
mals may be observed at home and on the street. A study of the 
teeth will give a key to the life of the animal, and the teacher 
should collect a few mammalian skulls as opportunities offer. The 
pupils should be required to identify them by means of the chart 
of skulls (p. 194). If some enthusiastic students fond of anatomy 
should dissect small mammals, the specimens should be killed with 
chloroform, and the directions for dissection usual in laboratory 
works on this subject may be followed. There is a brief guide on 
page 223. The following outline for the study of a live mammal 
will apply almost as well to the rabbit or squirrel as to the cat. 

The Cat. — The house cat {Feiis domestica) is probably 
descended from the Nubian qslX {Feiis fnanicu/atay Fig. 333) 
found in Africa. The wild species is about half again as 
large as the domestic cat, grayish brown with darker 
stripes ; the tail has dark rings. The lynx, or wild cat 
of America {Lynx rnfns), is quite different. Compare the 
figures (333, 335) and state three obvious differences. 
To which American species is the house cat closer akin, 
the lynx (Fig. 335) or the ocelot (Fig. 334).^ The domes- 
tic cal is found among all nations of the world. What is 
concluded, as to its nearest relatives, from the fact that the 
Indians had no cats when America was discovered.^ It 
was considered sacred by the ancient Egyptians, and after 
death its body was embalmed. 

The body of the cat is very flexible. It may be divided 
into five regions, the head, neck, trunk, tail, and limbs. Its 
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Fig, 333. — Wild Cat ok Akrica numiculaia), x 


eyes have the same parts as the eyes of other nuimmals. 
Which part of its eye is most peculiar? (Fi^. 333.; What 
part is lacking that is present in birds ? How arc the eyes 
especially adapted for seeing at niglit ? Does the pupil in 
the light extend up or down or across the iris? Does it 
ever become round ? 

What is the shape and position of the cars f Are they 
large or small compared with those of most mammals ? 
They are fitted best for catching sound from what direc- 
tion ? What is thus indicated in regard to the cat's habits ? 
(Compare with ears of rabbit.) Touch the whiskers of the 
cat. What result? Was it voluntary or involuntary mo- 
tion ? Are the nostrils relatively large or small compared 
with those of a cow ? Of man ? 

Is the neck long or short? Animals ’that have long fore 
legs usually have what kind of a neck ? Those with short 
legs ? Why ? How many toes on a fore foot ? Hind foot ? 
Why is this arrangement better than the reverse ? Some 
mammals are sole walkers {^plantigrade), some are toe 
walkers {digitigrade). To which kind does the cat 


Fir.. 334. — OcEl/yf {Felis par dal is), of Texas and Mexico. X 


belong ? Does it walk on the ends of the toes ? Does it 
walk with all the joints of the toes on the ground ? Where 
is the heel of the cat ? (Fig. 334.) The wrist f To make 
sure of the location of the wrist, begin above : find the shoul- 
der blade, the upper arm (one or two bones .^), the lower 
arm (one or two bones .^), the wrist, the palm, and the 
fingers (Fig. 337). Is the heel bone prominent or small ^ 
In what direction does the hfur oi the cat point The 
heel ^ The elbow ? The wrist } Compare the front and 
hind lej;^ in length ; straightness ; heaviness ; number and 
position of toes ; sharpness of the c/aws. What makes the 
cla 7 vs duller than a cat’s What differences in habit 
go with this } Judging from the toe that has become use- 
less on the fore foot of the cat, which toe is lacking in the 
hind foot } Is it the cat’s thumb or little finger that does 
not touch the ground } (Fig. 337.) Locate on your own 
hand the parts corresponding to the pads on the forefoot 
of a cat. Of what use are soft pads on a cat’s foot } 

Some animals have short, soft fur and long, coarse over 
hair. Does the cat have both ? Is the cat’s fgr soft or 
coarse ? Does the fur have a color near the skui different- 
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firOtiji that at the tip ? Why is hair better suited as a cover- 
ing for the cat than feathers would be ? Scales ? Where 
are kng, stiff bristles found on the cat? Their length 
suggests that they would be of what use to a cat in going 
through narrow place<'. ? Why is it necessary for a cat to 
be noiseless in its movements? 



Fig. 335. — Lynx {Lynx tufus). The " rat" (N01II1 America), 

Observe the movements of the cat. — Why cannot a cat 
come down a tall tree head foremost ? Did you ever see a 
cat catch a bird? liow does a cat apjtroilch its prey? 
Name a jumping insect that has long hind legs ; an 
phibian ; several mammals (Figs. 362, 374). Does a Mt 
ever trot? Gallop? Docs a cat chase its prey? When 
does the cat move with its heel on the ground ? The 
claws of a cat are withdrawn by means of a tendon (sec 
33 ^)- Does a cat seize its prey with its mouth or its 
feet? 

How does a cat make the purring sound ? (Do the lips 
move ? The sides ?) How does a cat drink ? Po a cat 
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and dog drink exactly the same way ? Is the cat's tongue 
rough or smooth ? How is the tongue used in getting the 
flesh off close to the bone ? Can a cat clean a bone 
entirely of meat? 

In what state of development is a newly born kitten ? 
With what docs the cat nourish its yonngf Name ten 

animals of various kinds 
whose young are simi- 
larly nourished. What 
is this class of ani- 
mals called ? 
Why does a 
cat bend its back 
when it is frightened or 



Flo. 336. -- jA(iUAR, of tropical America. 


angry ? Does a cat or a dog eat a greater variety of food 1 
Which refuses to eat an animal found dead ? Will either 
bury food fur future use? Which is sometimes trouble- 
some by digging holes in the garden ? Explain this in- 
stinct. Which lived a solitary life when wild ? Which had 
a definite haunt, or home ? Why are dogs more sociable 
than cats? A dog is more dev^oted to his master. Why? 
A cat is more de- 
voted to its home, 
and will return if 
carried away. Why? 

Why does a dog 
turn around before 
lying down? (Con- 
sider its original 
environment.) 337.-?;kf.i.eton of cat. 

The Skeleton (Fig. 337). — Compare the spinal column 
of a cat in form and flexibility with the spinal column of 
a fish, a snake, and a bird. 
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The skti// is joined to the spinal column by two knobs 
(or condyls\ which fit into sockets in the first vertebra* 
Compare the jaws with those of a bird and a reptile. 
There is a prominent ridge in the temple to which the 
powerful chewing muscles are attached. There is also a 
ridge at the back of the head where the muscles which 
support the head are attached (Fig. 348). 

Count the ribs Are there more or fewer than in man ? 


The breastbone is in a number of ]:)arts, joined, like the 
vertebrae, by cartilages. Compare it with a bird’s ster- 
num ; why the difference ? The shoidder girdle, by which 
the front legs are attached to the 
trunk, is hardly to be called a gir- 
dle, as the collar bones (clavicles) 
are rudimentary. (They often es- 
cape notice during dissection, being 
hidden by muscles.) The shoulder 



blades, the other bones of this gir- 
dle, are large, but relatively not so 
broad toward the dorsal edge as 
human shoulder blades. The clav- 


Fk;. 33H. — ( ■ I. A w or Cat 

(1) rctra<;»fd by li(^iinu*nt, and 

(2) drawn down by muscle 
attached to lower tendon. 


ides are tiny because they arc useless. Why docs the cat 
not need as movable a shoulder as a man } d'hc pelvic, or 
hip girdle, to which the hind legs are attached, is a rigid 
girdle, completed above by the sjnnal column, to which it 
is immovably joined. Thus the powerful hind legs are 
joined to the most rigid portion of the trunk. 

Mammals. — The cat belongs to the class Mammalia or 
mammals. The characteristics of the class arc that the 


young are not hatched from eggs, but arc horn alive y and 
nourished with milk (hence have lips), and the skin is 
covered with hair. The milk glands are situated ventrally. 
The position of the class in the animal kingdom waS| 
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shown when the cow was classified (p. 9). Their care for 
the young, their intelligence, and their ability to survive 
when in competition with other animals, causes the mam- 
mals to be considered the highest class in the animal 
kingdom. 

According to these tests, what class of vertebrates should 
rank next to mammals f Compare the heart, lungs, blood, 
and parental devotion of these two highest classes of ani- 
mals. 



339. — Skki.I TON I.ION (cat family). 


The first mammals, which were somewhat like srhall 
opossums, a])peared millions of years ago, when the world 
was inhabited by giant reptiles. These reptiles- occupied 
the water, the land, and the air, and their great strength 
and ferocity would have prevented the mammals from 
multiplying (for at first they were small and weak), but 
the mammals carried their young in a pouch until able to 
care for themselves, while the reptiles laid eggs and left 
them uncared for. The first mammals used reptilian eggs 
for food, though they could not contend with the great 
reptiles. Because birds and mammals are better parents 
than reptiles, they have conquered the earth, and the rep- " 
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tiles have been forced into subordination, and have become 
smaller and timid. 

Clarsification of Mammals. — Which two have the closest 
resemblances in the following list.'. : Horse, cow, deer. Why ? 
Cat, cow, bear. Why Monkey, man, sheep. Why } Rat, 
monkey, sc|uiiTel. Why? (liraffe, leopard, camel. Why? 
Walrus, cat, cow. Why ? 

Check the five mammals 
in the following lists that 
form a group rcsinihliug 
each other most closely : 

Lion, bear, ])ig, dog, s(juir 
rel, cat, camel, tiger, man. 

State your reasons. (li- loc. 340. — W rinnutrui)^ 
raffe, leopard, deer, cow, 
rat, camel, hyena, horse, 
monkey. State rea,sons. 

Teeth and toes arc 
the basis for sulKlividing 
the class mammalia into 
orders. Although ’ the 
breathing, circulation, and 
internal organs and jiro- 
ccsses are similar in all 
mammals, the external 
organs vary greatly be- 34.- - Wkas.,, in summer; in c.nada 

^ HI winici It ih all vvilile but tip of tail. 

cause of the varying en- 
vironments of dilTerent species. The internal structure 
enables us to place animals together which are essentially 
alike ; eg. the whale and man are both mammals, since 
they resemble in breathing, circulation, and multiplication 
of young. The external organs guide us in separating the 
ikClass into orders. The teeth vary according to the food 





ANIMAL BIOLOGY 


192 

eaten. The feet vary according to use in obtaining food 
or escaping from enemies. This will explain the differ- 
ence in the length of legs of lion 
and horse, and of the forms of 
the teeth in cat and cow. Make 
a careful study of the teeth and 
limbs as shown in the figures and 
Fig. 342. — Foot 01 uear in all specimens accessible. Write 
{Plant out the dcntal formulas as indi- 
cated at the to]) of page 194. The numerals above the line 
show the number of uj)j)er teeth; those below the line 
show the number of lower teeth in one half of the jaw. 
They are designated as follows : /, incisors ; C, canine ; 
J/, molars. Multiplying by two gives the total number. 
Which skulls in the chart have the largest canines ? 
Why ? The smallest, or none at all ? Why ? Compare 
the molars of the cow, the hog, and the dog. Explain 
their differences. In which skulls arc some of the molars 
lacking.? Rudimentary.? Why are the teeth that do not' 
touch usually much smaller than those that do.? 




Fu;. 343. — P01.AR Hear maritimm). 
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KEY, OR TABLE, FOR CLASSIFYING MAMMALS 
{class MammalL') INJO ORDERS 

Orders 

Ai Imperfect Mammals, young hatched or pre- 
maturely born , 


Bi Jaws a biidlike bc.-k, egg-laying 

MonUdt ernes 

Bn 

Jaws not beaklike, young carried in pouch 

Marsit^ pials 

Aa Perfect Mammals, young not hatchtd, nor 

prematurely born 



'Cj Front part of both jaws lack teeth 

KdenHates 

Bi 

C^, Teeth with sharp jaunts for jiiercing 


Digits 

shells of insects 

Iftseit' ivtrs 

with 

Co Canines very long, molars suited for 


daws 

tearing 

fihuirs 


.C4 Canines lacking, incisors very large 

Rodents 

Bo 

' 

Cetaceans 

Digits 

C^ Head la'ge ; carnivorous 

not 

i Co Head spiall ; herbivorous 

ire' neons 

disiifict 

■ 



Five toes, no.so jirolonged into a snout 

Protrflsdd'eans 

Br> 

Digits 

with 

C., 'hoes odd mind >er, less than five 

FJq nines 

Cj 'Foes exen number, upper front teeth 


lacking, cliew the cud 

Rn' niinants 

Haiti 

C4 Toes even nundier, upjier fiont teeth 


or 

jiresent, not cud-c hewers 

Swine 

hoo/s 

C., All limbs having hands 

Onod' rntnans 


'Fwo lirnlis having hands 

liihiians 


Exercise in Classification. — Copy tin; following list, and by refer- 
ence to figures write llie name of its order afti r e.ndi mammal ; — 


Ape (Figs. 405. 406) 
Rabbit (Fig. 345) 
Dog (Figs. 356, 408) 
Hog (Figs. 357, 393) 
Bat (Figs. 347, 370) 
Cat (Figs. 337, 348) 
Armadillo 

(Figs. 349. 365) 


Cow (Fi^s. 344, 386) 
Walrus (Fi^^ 340) 
Monkey 

(Figs. 352, 401) 
Horse 

355 . 395) 

Ant-eater 

(f'igs- 354. 3 '' 4 ) 


Antelope (Fig. 391) 
Mole 

(Figs. 567, 368) 
Beaver 

(Figs. 372, 373) 
Duckl)ill (Fi^j. 359) 
'I'apir (Fij;. 3^^4) 
Dolphin (379, 397) 


Use chart of skulls and Figs. 381, 382, 395--400 in working out this 
%xercise. 


o 


L figitlaies 




345, — Rahhit, 

inciftors; C, molars^ 


Fk'.. 348.— Cat. 
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The lowest order of mammals contains only two species, 
the duckbill and the porcupine ant-eater, both living in 

the Australian re- 
gion. Do you judge 
that the duckbill 
of Tasmania (Fig. 
359) lives chiefly in 

water or on land? 
Vir.. '^^c^.----\')VK'K\\\\\AOr}iifkorhynchm Why? Is it prob- 

ably active or slow in movement? It dabbles in mud and 
slime for worms and mussels, etc. How is it fitted for 



doing thivS ? Which 
feet are markedly 
webbed? How far 
docs the web extend ? 
The web can be 
folded back when not 
in use. It lays two 
eggs in a nest of 
grass at the end of a 
burrow. Trace re- 
semblances and dif- 
ferences between this 
animal and l)irds. 

The pon'iif>inc ant- 
eater has numerous 
quill-Iikc spines (Fig. 
360) interspersed with 
its hairs. (Use?) De- 
scribe its claws, It 
has a long prehensile 



Flo. 360. — SPINY ANt-KATKR {Echidna am- 
Ieata\. View of under surface to show pouch. 
(After Haacke.) 


tongue. It rolls into a ball when attacked. Compare its 


jaws. with a bird’s bill. It lays one egg, which is carried 
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in a fold of the skin imtil hatched. Since it is pouched 
it could be classed with the pouched mammals (next order), 
but it ’s egg-laying;. Suppose the two animals in this 
order did not nourish their young wi^h milk after hatching, 
would they most resemble mammals, birds, or reptiles ? 

Write the name of this (See Table, 

p. 193.) do you place them in th’s order ( )? 

See p. 193.) The name of the order comes from two Greek 


f: 





BiW Jl 


Kig, 361. — - OI'ossgm {ludelphyii I 

words meaning “one o])ening,” hecausi; the ducts from 
the bladder and egg glands unite with the large intestine 
and form a cloaca. What other c lasses of vertebrates 
are similar in this ? 

Pouched Mammals. — These animals, like the last, are 
numerous in the Australian region, but arc also found in 
South America, thus indicating that a bridge of land once 
connected the two regions. The opossum is the only 
species which has penetrated to North America (Fig. 361). 
Are its jaws slender or short? What kinship is thus sug- 
gested ? As shown by its grinning, jts lips are not well de- 
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veloped. Does this mean a low or a well-developed mam- 
mal? Where does it have a thumb? (Fig. 361.) Does 
the thumb have a nail ? Is the tail hairy or bare ? Why ? 
Do you think it prefers the ground or the trees ? State 
two reasons for your answer. It hides in a cave or bank 
or hollow tree all day, and seeks food at night. Can it run 
fast on the ground? It feigns death when captured, 

and watches for a 
chance for stealthy 
escape. 

The ka^igaroo 
(Fig. 362), like the 
opossum, gives 
birth to imperfectly, 
developed young. 
(Kinship with what 
classes is thus in- 
dicated ?) After 
birth, the young 

(about three fourths 
Fig. 362. — Giant Kangaroo. . . 1 1 x 

of an inch long) 

are carried in a ventral pouch and suckled for seven or 
eight months. They begin to reach down and nibble grass 
before leaving the pouch. Compare fore legs with hind 
legs, front half of body with last half. Describe tail. 
What is it used for when kangaroo is at rest ? In jump- 
ing, would it be useful for propelling and also for balanc- 
ing the body ? Describe hind and fore feet. Order 

Why? See key, page 193. 

Imperfectly Toothed Mammals. — These animals live 
chiefly in South America (sloth, armadillo, giant ant-eater) 
and Africa (pangolin). The sloth (Fig. 363) eats leaves. 
Its movements are remarkably slow, and a vegetable growth 
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resembling moss often gives its hair a green color. (What 
advantage?) How many tocr has it? How are its nails 
suited to its man- 
ner of living? Does 
it save exertion by 
hanging from the 
branches of trees 
instead of walking 
upon them ? 

Judging from the 
figures (363, 364, 

365), are the mem- 
,bers of this order 
better suited for at- 
tack, active resistance, passive resistance, or concealment 

when contend- 
ing with other 
animals ? The 
ant-eater’s claws 
(Fig. 364)on the 
fore feet seem 
to be a hin- 
drance in walk- 
ing ; for what 
are they useful ? 
Why are its jaws 
so slender? 
What is prob- 
ably the use of 
the enormous 
bushy tail ? The 
nine-banded armadillo (Fig. 365) lives in Mexico and Texas. 
It is omnivorous. To escape its enemies, it burrows into 



Fig. 364. — Giant Ant-eater of South America. 
(See Fig. 354.) Find evidences that the edentates are a 
degenerate order. Describe another ant-eater (Fig. 360). 



Fig. 363. — SLoi'll of South America, 
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the ground with surprising rapidity. If unable to escape 
when pursued, its hard, stout tail and he^d* are turned 

under to protect 
the lower side of 
the body where 
there are no scales. 
The three-handed 
species (Fig. 366) 
lives in Argentina. 
Compare the ears 
and tail of the two 
species; give rea- 
sons for differences. Why are the eyes so small.? The 
claws so large .? Order ... Why ?. 



Fig. 366. — Three-banded Armadillo {Tolypentes tricmcius ). 

Insect Eaters. — The soft interior and crusty covering of 
insects makes it unnecessary for animals that prey upon 
them to have flat-topped teeth for grinding them to 



Fjg. 365. — Nine-kanj>ed Armadillo of Texas 
and Mexico. {Dasypus no 7 Je 7 ncincfus.) It is increas- 
ing in numbers; it is very useful, as it digs up and 
destroys insects. (See Fig. 347.) 
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powder, of long cusps for tearing ^them to pieces. ^ The 
teeth of insect eaters, even the molars (Fig. 368), have 
many sjbarp tubercles, or points, for holding insects and 
piercing the crusty outer skeleton and reducing it to bits. 
As most, insects dig in the ground or fly in the air, we 
are not surprised to learn that some insect-eating mam- 



Fig. 367. — Thk Moi.K. 


mals (the bats) fly and others (the moles) burrow. Are 
the members of this order friends or competitors of man.^ 



Fig. 368. — Skeleton of Mole. (Shoulder blade is turned upward.) 


Why does the mole have very small eyes ? Small cars } 
Compare the shape of the body of a mole and a rat. 
What difference ? Why ? Compare the front and the hind 
legs of a mole. Why are the hind legs so small and 
weak.^ Bearing in mind that the body must be arranged 
for digging and using narrow tunnels, study the skeleton 
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(Fig. 368), in respect to the following: Bones of arm 
(length and shape), fingers, claws, shoulder bones, breast- 
bone (why with ridge like a bird ?),, .vertebrae (why are the 
first two so large ?), skull (shape). There are no eye 
sockets, but there is a snout gristle ; for the long, sensitive 
snout must serve in place of the small and almost useless 
eyes hidden deep in the fur. Is the fur sleek or rough } 
Why } Close or thin It serves to keep the mole clean. 
The muscles of neck, breast, and shoulders are very 
strong. Why t The mole eats earthworms as well as 
insects. It injures plants by breaking and drying out 
their roots. Experiments show that the Western mole will 
eat moist grain, though it prefers insects. If a mole is 
caught, repeat the experiment, making a careful record of 
the food placed within its reach. 



As with the mole, the skeletal adaptations of the bat 
are most remarkable in the hand. How many fingers 
(Fig. 369.) How many nails on the hand Use of 
nail when at rest } When creeping } (Fig. 369.) In- 
stead of feathers, the flying organs are made of a pair 
of extended folds of the skin supported by elongated 
bones, which form a framework like the ribs of an um- 
brella or a fan. How many digits are prolonged } -Does 
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Fig, 370. —Vampire {Phyllostoma spectrum) of South America. X 


the fold of the skin extend to the hind legs ^ The tail ? 
Are the finger bones or the palm bones more prolonged 
to form the wing skeleton ? 

The skin of the wing is rich in blood vessels and nerves, 
and serves, by its sensitiveness to the slightest current of 
air, to guide the bat in the thickest darkness. Would you 
judge that the bat has sharp sight ? Acute hearing? 

The moles do not Jiibaiiaie ; the bats do. Give the 
reason for the difference. If bats are aroused out of a 
trance-like condition in winter, they may die ^ of starvation. 
Why ? The mother bat carries the young about with her, 
since, unlike birds, she has no nest. How are the young 
nourished ? Order Why f (Key, p. 193.) 

The Gnawing Mammals. — These animals form the most 
numerous order of mammals. They lack canine teeth. In- 
ference.^ The incisors are four in number in all species 
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ex&pt the rabbits, which have six (see Fig. 345). They 
are readily recognized by their large incisors. These teeth 
grow throughout life, and if they are not constantly worn 










Fig 371 — POUCIIFI) (jOIHIR bursarmC) x I a large burrowing 

hdd lat with chttk pouches for carrying grim 


away by gnawing upon hard food, they become incoh- 
veniently long, and may prevent closing of the mouth and 
cause starvation. The haid enamel is all on the fiont sur- 
face, the dentine m the lear being softer , hence the in- 
cisors sharpen themselves by use to a chisel-like edge. 




1 IG 372 — Hind foot a fore loot b, 
tail of Bfavfr 




Fig 373 — BtAVLR 


The molars aie set close together and have their upper 
surfaces level with each other. The ridges on them run 
crosswise so as to form a continuous filelike surface for 
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reducing the food still finer after it has been gnawed vpff 
(Fig. 345)- The lower jav/ fits intp grooves in place of 
sockets. This allows the jaw to work back and forth in- 
stead of sidewise. The rabbits and some squirrels have a 
hare lip ; i.c, the upper lip is split. What advantage is 
this in eating ? In England the species that burrow are 
called rabbits ; those that do not are called hares. 

Name six enemies of rabbits. Why does a rabbit usually 
sit motionless unless approached very close ? Do you 
usually see one before it dashes off? A rabbit has from 
three to five litters of from three to six young each year. 
Squirrels have fewer and smaller 
litters. Why must the rabbit 
multiply more rapidly than the 
squirrel in order to survive ? 

English rabbits have increased 
in '* Australia until they are a 
plague. Sheep raising is inter- Fic;. 374. — Position of limbs 
fered with by the loss of grass. Rabbit. 

The Australians now ship them to England in cold storage 
for food. Rabbits and most rodents lead a watchful, 
timid, and alert life. An exception is the porcupine, 
which, because of the defense of its barbed quills, is dull 
and sluggish. 

The common rodents are ; — 

squirrels beavers pouched, gopher ground hog 

rabbits muskrats prairie dog field mouse 

rats porcupines prairie squirrel 

mice guinea pig chipmunk 

Which of the above rodents are commercially important ? ' 
Which are injurious to an important degree ? Which have 
long tails ? Why ? Short tails? Why ? Long ears ? Why ? 
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Short ears ? Why ? Which are aquatic ? Which dig or bur-^ 
row ? Which are largely nocturnal in habits ? Which are 
arboreal? Which are protected by coloration ? Which 
escape by running ? By seeking holes ? 

Economic Importance. — Rabbits and squirrels destroy the 
eggs and young of birds. Are rabbits useful? Do they 
destroy useful food ? The use of beaver and muskrat skins 
as furs will probably soon lead to their extinction. Millions 
of rabbits’ skins are used annually, the hair being made into 



Fig. 375. — Flying S(^U1KRF.L {Pterofnys volucella) . X V4. 


felt hats. There arc also millions of squirrel skins used 
in the fur trade. The hairs of the tail are made into fine 
paint brushes. The skins of common rats are used for the 

thumbs of kid gloves. Order Why ? 

Elephants. — Elephants, strange to say, have several 
noteworthy resemblances to rodents. Like them, elephants 
have no canine teeth ; their molar teeth are few, and marked 
by transverse ridges and the incisors present are promi- 
nently developed (Figs. 376, 377). Instead of four incisors, 
however, they have only two, the enormous tusks, for there 
are no incisors in the lower jaw. Elephants and rodents 
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uuin suusist upon piani food. Both have peaceful disposi- 
tions, but ore order has foui^d safety and ability to survive 
by attaining enormous size and strength ; the other {c.g. 
rats, squirrels) has found safety in small size. Explain. 


Suppose you were 
to observe an elephant 
for the first time, with- 
out knowing any of its 
habits. How would 
you know that it does 
not eat meat? That it 



does eat plant food } 
That it can defend it- 


F]G. 376. — llKAi) OF African Elephant. 


self? Why would you make the mistake of thinking that 
it is very clumsy and stupid? Why is its skin naked?. 
Thick? Why must its legs be so straight.^ Why must it 
hav^e either a very long neck or a substitute for one ? 
(Fig. »376.) Are the eyes large or small.? The ears.? The 
brain cavity ? What anatomical feature correlates with 
the long proboscis.? Is the proboscis a new organ not 
found in other animals, or is it a specialization of one or 
more old ones ? Reasons ? What senses are especially 
active in the proboscis .? How is it used in drinking .? In 

grasping .? What evidence that 
it is a development of the 
nose? The upper lip? 

The tusks are of use in up- 

FiG. 377. — Molar Tooth of rooting trees for their foliage 
African ELEniANr. 

food. Can the elephant graze ? Why, or why not? There 
is a finger-like projection on the end of the snout which is 
useful in delicate manipulations. The feet haye pads to 
prevent jarring ; the nails are short and hardly touch the 
ground. Order Whyf Key, page 193. 
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Whales; Porpoises, Dolphins. — As the absurd mistake 
is sometimes made of confusing whales with fish, the pupil 
may compare them in the following respects : eggs, nour- 
ishment of young, fins, skin, eyes, size, breathing, tem- 
perature, skeleton (Figs. 209, 379, and '397). 



Fig. 378. — Harpooning Grkknland Whale 
( see Fig. 351). 


Porpoises and dolphins^ which are smaller species of 
whales, live near the shore and eat fish. Explain the' ex- 
pression “ blow like a porpoise.” They do not exceed five 
or eight feet in length, while the deep-sea whales are from 
thirty to seventy-five feet in length, being by far the largest 
animals in the world. The size of the elephant is limited 
by the weight that the bones and muscles support and 
move. The whale's size is not so limited. 

The whale bears one young (rarely twins) at a time. 
The mother carefully attends the young for a long time. 
The blubber, or thick layer of fat beneath the skin, serves 
to retain heat and keep the body up to the usual tempera- 
ture of mammals in spite of the cold water. It also serves, 
along with the immense lungs, to give lightness to the body. 
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Why does a whale need large lungs ? The tail of a whale 
^ ^ is horizontal instead 

• of vertical, that it may 
- Steer upward rapidly 

from the depths when 
needing to breathe. 
Tie teeth of some 
fig. 379.-do,.phin. Jo not cut the 

gum, but are reabsorbed and are replaced by. horny plates 
of whalebone,” which act as strainers. Give evidence, 
from the flippers, lungs, and other organs, that tlje whale 
is descended from a land mammal (Fig. 397). Compare 
the whale with a typical land mammal, as the dog, and 
enumerate the specializations of the whale for living in 
water. What change took place in the general form of the 
body.? It is believed that on account of scarcity of food 
the land ancestors of the whale, hundreds of thousands of 
years ago, took to living upon fish, etc., and, gradually be- 
coming swimmers and divers, lost the power of locomotion 
on land. Order — . . Why ? . 

Elephants are rapidly becoming extinct because of the 
value of their 

Whales also 
furnish valua- 
ble products, 
but they will 
probably exist 
much longer. 

Why? 

The manatees and dugongs (sea cows) are a closely re- 
lated order living upon water plants, and hence living close 
to shore and in the mouths of rivers. Order — Why ? . 



Fig. 380. — Manatee, or sea cow ; it lives near the shore 
and eats seaweed. (Florida to Brazil.) 
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Hoofed Mammals. — All the animals in this order walk 
on the tips of their toes, which have been adapted to this 
use by the claws having developed into hoofs. The. order 
is subdivided into the odd-toed (such as the horse with one 
toe and the rhinoceros with three) and the even-toed (as 
the ox with two toes and the pig with four). All the even- 
toed forms except the pig and hippopotamus chew the cud 
and are given the name of ruminants. 

Horse and Man Compared (Figs. 381, 399). — To which 
finger and toe on man’s hand and foot does the toe of a 

horse’s foot correspond 
Has the horse kneecaps } 
Is its heel bone large or 
small Is the fetlock on 
toe, instep, or ankle 
Does the part of a horse’s ^ 
hind leg that is most elon- 
gated correspond to the 
thigh, calf, or foot in 
man } On the fore leg, 
is the elongated part the 
upper sjgfij forearm, or 
hand ? I)oes the most 
elongated part of the fore 
foot correspond to the finger, palm, or wrist ? On the hind 
foot is it toe, instep, or ankle ? Is the fetlock at the toe, 
instep, or heel ? (Fig. 385.) Is the hock at the toe, in- 
step, heel, or knee ? Order _. Why ? — 

Specializations of the Mammals. — The early mammals, . 
of which the present marsupials are believed to be typical, 
had five toes provided with claws. They were not very 
rapid in motion nor dangerous in fight, and probably ate 
both animal and vegetable food. 



Fig. 381. — Left leg of man, left hind leg 
of dog and horse ; homologous parts 
lettered alike. 



MAMMALS 


211 



horse; /), dolphin: elephant; ^4, monkey; T', tiger; aurochs: Miohippu$ 

F, sloth ; M, mole. 

Qtte8tio^: Explain how each is adapted to its specialized function. 

According to the usual rule, they tended to 
increase faster than the food supply, and there 
were continual ac||iitests for food. Those whose 
claws and teeth were sharper drove the others 
from the food, or preyed upon them. Thus the 
specialization into the bold flesh eating beasts 
of prey and the timid vegetable feeders began. 

Which of the flesh eaters has already been stud- 
ied at length The insectivora escaped their 
enemies and found food by learning to burrow 
or fly. The rodents accomplished the same result either by 
acquiring great agility in climbing, or by living in holes, or 
by running. The proboscidians acquired enormous size 
and strength. The hoofed animals found safety in flight. 



Orohpput. 

FIG. 383.- 
Feet of the 
ancestors of 
the horse. 
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Fig. 384. — Tapir of south America ( Tapir us amcrkanus). x 
Questions: How does it resemble an elephant? (Fig. 376.) A horse ? (p. 210.) 

Ungulates, as the horse, need no other protection than 
their great speed, which is due to lengthening the bones of 

the legs and risihg 
upon the very tip, of 
the largest toe, which, 

* .f • 

tp support the weight, ' 
developed an’ enor- 
mous tpe-nail Called a 
hoof* The cattle, not 
having developed such 
speed as the horse, 
usually have horns 
for defense. If a calf 
or cow bellows with distress, all the cattle in the neigh- 
borhood rush to the rescue. This unselfish instinct to 
help others was an aid to the survival of wild cattle living 
in regions infested with beasts of prey. Which of ^sop’s 
fables is based upon this instinct.'^ The habit of rapid 
grazing and the correlated habit of chewing the cud were 
also of great value, as it enabled cattle to obtain grass hur- 



Fig. 385. — Horse, descended from a small 
wild species still found in Western Asia. 
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riedly and retire to a safe place to chew it. Rudiments of 
the upper incisors are present in the jaw of the calf, show- 
ing the'descent from animals which had a complete set of 
teeth. The rudiments are absorbed and the upper jaw of 
the cow lacks incisors entirely, as they would be useless 
because of the cow’s habit of seizing the grass with her 
rough tongue 
and cutting it 
with the lower 
incisors as the 
head is jerked 
forward. This 
is a more rapid 
way of eating 
than by biting. 

Which leaa^es 
the grass shorter 
after gracing, a cow or a horse? Why? Grass is very 
slow' of ^digestion, ayd the ungulates have an alimentary 



Fin. 386. — Skelkton ok Cow. Compare witli horse 
(Fig. 395) as to legs, toes, tail, mane, dewlap, ears, body. 


canal twenty to thirty times the length of the body. 
Thorough chewing^ is necessary for such coarse food, and 
the ungulates which chew the cud (ruminants) are able, 
by leisurely and thorough chewing, to make the best use 
of the woody fiber (cellulose) which is the chief substance 
in their food. 

Ruminants have four divisions to the stomach. Their 
food is fit-st swallowed into the roomy pcximch in which, 
as in the crop of a bird, th^ .bulky food is temporarily 
Stored. It is not digested at all in the paunch, but after 
being moistened, portions of it pass successively into the 
honeycomb^ which forms it into balls to be belched up and 
ground by the large molars as the animal lies with eyes 
half closed under the shade of a tree. It is then swal- 
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lowed a second time and is acted upon in the third divi- 
sion (or manyplies) and the fourth division (or reed). Next 



Fig. 387. — Food traced 
through stomachs of 
cow. (Follow arrows.) 



Fig. 388. — Section of cow’s stomachs. 
Identify each. (See text.) 



last two 
four ., divisions 


it passes into the intestine. Why is the paunch the largest 
compartment ? In the figure do you recognize the paunch 
by its size ? The honeycomb by its lining Why is it 

round ? The 
of the 

may be known- Ky their 
direct connection with 
the intestine: . 

Th^ .true gastric juice 
is secreted only in the 
fourth stomach. Since 
the cud or unchewed 
food is belched up in 
balls from the round 
“ honeycomb/' and since 
a ball of hair is some- 
times found in the stom- 
ach of ruminants, some 
ignorant people make the absurd mistake of calling the 
ball of hair the cud. This ball accumulates in the paunch 


Fig. 389. — Okapi . This will probably prove 
to be the last large mammal to be discovered 
by civilized man. It was found in..t|ie for- 
ests of the Kongo in 1900. 

Questions; It .shows affinities (find them) with 
giraffe, deer, and 2ebra. It is a ruminant ungulate 
(explain meaning — see text). 
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because of the friendly custom cows have of combing each 
other’s hair with their rough tongues, the hair sometimes 



Fic. 390. — African Camfx {Camelus dromedarius ). 


being swallowed. P^xplain the saying that if a cow stops 
chewing the cud she will die. 

Does a -cow’s lower jaw move sidewise or 
back and forth Do the ridges on the molars 
run sidewise or lengthwise.? Is a 
cow’s horn hollow .? Does it 
have a bony core .? (Fig. 344.) 

Th6 permanent hol- 
low horns of the cow 
and the solid decidu- 
ous horns of the deer 
are typical of the two 
kinds of horns pos- 
sessed by ruminants. 

The prong-horned an- 
telope (Fig. 391) of 




Fig. 391. — Prong-hori^ed Antelope 
{AnUlocarpa A^nericana). Western states. 


2i6 animal biology 

the United States, however, is an intermediate form, as its 
horns are hollow, but are shed each year. The hollow 
horns are a modification of hair. Do solid or hollow 
bones branch ? Which are possessed by both sexeS } 
Which are pointed } Which are better suited for fight- 
ing ? Why would the deer have less need to fight than 
thg cattle Ueer are polygamous, and the males use their 



Fig. 392. — Rocky Mountain Sheep T 


horns mostly for fighting each other. The sharp hoofs of 
deer are also dangerous weapons. The white-tail deer 
(probably the same species as the Virginian red deer) is 
the most widely distributed of the American deer. It 
keeps to the lowlands, while the black-tailed deer prefers 
a hilly country. The moose, like the deer, browses on 
twigs and leaves. The elk, like cattle, eats grass. 

The native sheep of America is the big horn, or Rocky 
Mountain sheep (Fig. 392). The belief is false that they 
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alight upon their horns when jumping down precipices. 
They post sentinels and are very wary. There is also a 
native gx>at, a white species, living high on the Rjocky 
Mountains near the snow. They are rather stupid ani- 
mals. The bison once roamed in herds of countless thou- 
sands, but) with the exception of a few protected in parks, 
it is now extinct. Its shaggy hide was useful to man in 
winter, so it has been well-nigii destroyed. For gain man 
is led to exterminate elephants, seals, rodents, armadillos, 
whales, birds, deer, mussels, lobsters, forests, etc. 
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Fig. 393. — PeCCAKV {Dicotyles torguatus) of Texas and Mexico. X ^ 

Our only native hog is ihe peccary, found in Texas (Fig. 
393). In contrast with the heavy domestic hog, it is 
slender and active. It is fearless, and its great tusks are 
dangerous weapons. The swine are the oiily ungulates 
that are not strictly vegetable feeders. The habit of fat- 
tening in summer was useful to wild hogs, since snow ’lid 
most of their food in winter. The habit has been/pre- 
served under domestication. Are the small toes ni the 
hog useless.^ Are the ‘‘dew claws'* of cattle ^seless ? 
Will . they probably become larger or smaller Order f 






ANIMAL BIOLOGY 


















'4'vi- 




Fig. 401. — Sacred Monkey of India i^Scmnopithecus entellus)^ 


Monkeys, Apes, and Man. — 

Study the figures (399, 400); 
compare apes and man and ex- 
plain each of the differences in 
the following list : ( i ) feet, three 
differences; (2) arms; (3) brain 
case; (4) jaws; (5) canine 
teeth ; (6) backbone ; (7) dis- 
tance between the eyes. 

A hand^ unlike a foot, has 
one of the digits, called a ■ 
thumb, placed opposite the 
other four digits that it may be 
used in grasping. Two-handed 
man and four-handed apes and 
rnonkeys are usually placed in 
one order, the Primates^ or 






Fig. 40a.- 
goz). X 1*0. 
claw ? 


-Lemur {Lemur Mon* 
Which digit bears a 
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in two orders (see table, pafe 193). The lowest members 
of this ordet are the lemurs of the old world. Because of 



Fig. 403. — Broad-nosed Fig. 404. — Narrow- ,\osed 

Monkey, x America. Monkey, x 1^. OW World. 


their hands and feet being true grasping organs, they are 
placed among the primates, notwithstanding Ihe long 


muzzle and expres- 
sionless, foxlike face. 
(Fig. 402.) Next in 
order are the tailed 
monkeys^ while the 
tailless apes are the 
highest next to man. 

The primates of the 
New World arc all 
monkeys with long 
tails and broad noses. 
They are found from 
Paraguay to Mexico. 
The monkeys afid apes 
of the Old World have 
a thin partition be- 
tween the nostrils, 
and are thus distin- 



guished from the Fig. 405, — GbRiLLA. (Size of a man.) 
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monkeys of the New World, which have a thicker par- 
tition and have a broader nose. (Figs. 403, 404.) The 
monkeys of America all have six molar teeth in each half 
jaw (Fig. 352); the monkeys and apes of the Old World 
have thirty-two teeth which agree both in number and 
arrangement with those of man. 

Which of the primates figured in this book appear to 
have the arm longer than the leg ? Which have the 

eyes directed forward instead of 
sideways, as with cats or dogs } 
Nearly all the primates are 
forest dwellers, and inhabit warm 
countries, where the boughs of 
trees are never covered with ice 
or snow. Their ability in climb- 
ing serves greatly to protect 
them from beasts of prey. 
Many apes and monkeys are 
able to assume the upright posi- 
tion in walking, but they touch 
the ground with their knuckles 
every few steps to aid in preserving the balance. 

The Simians arc the highest family of primates below 
man, and include the gorilla, chimpanzee, orang, and gib- 
bon. Some of the simians weave together branches in the 
treetops to form a rude nest, and all are very affectionate 
and devoted to their young. How are apes most readily 
distinguished from monkeys? (Figs. 401, 406.) 

The study of man as related to his environment will be 
taken up in detail in the part called Human Biology. We 
will there examine the effect upon man’s body of the rapid 
changes since emerging from savagery that he has made 
in food eaten, air breathed, clothing, and habits of life. 
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Fig. 407. — Anatomy of Rabbit. 


a, incisor teeth; 

d, b' y b” , salivary 
glands : 

k, larynx; 

l, windpipe; 

i:, gullet; 

diaphragm 
(possessed only 
by mammals) ; 
stomach; 

gy small intestine; 

hy h'y large intes- 
tine; 

r, junction of small 
and large intes- 
tine; 

gy g'y caecum, or 
blind sac from / 
(corresponds to 
the shrunken 


rudiment ary 
vermiform ap- 
pendix in man;; 
niy carotid arte- 
ries ; 

Hy heart; 

Oy aona; 
lungs; 

Qy end of sternum; 
ry spleen; 

Sy kidney; 

/, ureters (from 
kidney to blad- 
der v). 

2 brain of rabbit; 
tty olfactory 
nerves; 
by cerebrum: 

Cy midbrain; 
dy cerebellum. 



Table for Review 



Fish 

Frog 

Titrtlk 

Bird 

Cat 

Horse 

Man 

Names of limbs 



Acutest sense 




Digits on fore 
and hind limb 




— 

— 

— 


Locomotion 





Kind of food 

i 








Care of young 











St. Bernard (ternian ma'^liff * Pointer Newfoundland 

Eskimo English bloodhound Bulldog Shepherd 

Poodle Greyhouud Spitz 

Dachshund 

Fig. 408. — Artificial Sklkctton. Its effects in causing varieties in one species. 
Which of the dogs is specialized for speed ? Driving cattle ? Stopping cattle ? 
Trailing by scent? Finding game ? Drawing vehicles? Going into ’holes? 
House pet ? Cold wcallier ? In Mexico there is a hairless dog specialized for hot 
climates. The widely differing environments under various forms of domestica- 
tion cause “ sports ” which breeders are quick to take advantage of when wishing 
to develop new varieties. Professor De Vries by cultivating American evening 
primroses in Europe has shown that a sudden change of environment may cause 
not only varieties but new species to arise. 
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HUMAN BIOLOGY 

CHAPTER I 
INTRODUCTION 

To which brancJi of animals does mar belong ? To 
which *class and order in that branch ? (Animal Biology, 
pages 125, 193.) There is no other animal species ui the 
same genus or order with man. This shows a wide physi- 
cal difference be- 
tween man and 
other animals, but 

lates him among 
the other animals 
still more. 

The human 
species is divided 
into five varieties 
or races: i. Cau- 
casiayi (Fig. i). 

Skin fair, hair wavy, eyes oval. (Europe except Finns 
and Lapps, Western Asia, America.). 2. Mongolian. Skin 
yellow, hair straight and black, face flat, nose blunt, almond 
eyes. (Central Asia, China, Japan, Lapps and Finns of 
Europe, Eskimos of North America.) 3. Americans. Skin 
copper red, hair straight, nose straight or arched. (North 
and South America.) 4. Malay. Skin brown, face flat, 
hair 'black. (Australia and Islands of Pacific.) 5. Ethi- 



Fro, I. — Facial A.ngles of Caucasian (nearly 90°) 
and Etliiopian (about The angle between 

lines crossing at front of upper jaw near base of 
nose, one line drawn from most prominent part of 
forehead, the oilier through hole of ear. 


B 


I 
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opian (Fig. i). Skin dark, hair woolly, nose broad, lips 
thick, jaws and teeth prominent, forehead retreating, great 
toe shorter than next toe and separate. (Africa, America.) 

There is a strugf^le between the races for the possession of different 
lands. The Caucasian is gaining in Australia, Africa, and America. 
With difficulty the Mongolians are kept from the western shores of 
America. The Ethiopian in America shows a lessened rate of increase 
every decade ; this may be due to the tendency of the race to crowd into 
cities and the strain of suddenly changing from jungle life in less than 
two centuries. Ct7nlisatio7i is a strain upon any race. It is destroying 
the American Indian. The Mongolian and Caucasian survive civiliza- 
tion best, but insanity is increasing rapidly among the latter. 



Fic. 2. — Indian Weapons: Lance and Arrow Heads. 

From a bank of musstU shells (remains of savage feast) at Keyport, N.J. 

Man^s Original Environment. — Primitive man lived without the use 
of fire or weapons other than sticks or stones. II is first hofne was in 
the tropics^ where his needs were readily supplied, and probably in 
Asia. Many nations have a tradition of a home in a garden (Greek, 
paradises') . His food was chiefly tree fruits and nuts. When because 

of crowding he left nature’s 
garden, he acquired skill in 
hunting and fishing and the 
use of fire that flesh might sup- 
plement the meager fruits of 
colder climates. His weapons 
were of rough (chipped) stone 
at first — in the old stone age. 
In this age the mammoth lived. 
He learned to polish implements in the new stone age. The Indians 
were in that stage when Columbus came to America (Figs. 2, 3). The 
cultivation of grain and the domestication of animals probably began 
in this age. The bronze and iron ages followed the stone age. 
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The Reaction between Man and his Environment. — The estimates 
by various geologists of the time man has existed as a species vary 
from 20,000 to 200,000 years. The active life out of doors which man 
led for ages (Fig. 4) has thoroughly adapted his body 07ily for such a 
life. Now steam and other forces work for him, and his muscles 
dwindle ; his lungs are seldom fully expanded, and the unused portions 
become unsound ; he lives in tight houses, and the impure air makes 
his blood impure and his skin delicate ; ]w eats soft concentrated food, 
and his teeth decay and his too roomy food tube becomes sluggish. 
His nerves and brain are fully active and they become unsound from 
overwork and impure blood. ^ 



Fig. 4. — Primitive Man, showing clothing and weapons of chase and war. 


Degeneration of Unused Parts. — Several facts just stated illustrate 
the biological law that disuse causes degeneration. 

Man’s Modification of his Environment. — The energy of the world, 
whether of coal, waterfall, oil, forest, or rich soil, has the sun as its 
source. All of these are being destroyed by man., often with recklessness 
and wantonness. The promised land which flowed with milk and 
honey’’ is now almost a desert. Other examples are Italy, Carthage, 
Spain. The destruction of forests causes floods which wash away the 
soil. It is estimated that there arc only one fourth as many song birds 
in the United States as there were fifteen years ago. Insects and weeds 
or deserts replace rich soil, noble quadrupeds, singing birds, and stately 
trees. Many farmers, however, preserve the fertility of the soil. 

To the erect posture is due man’s free use of his hands and the 
cooperation of hands and senses. This has given man his intellectual 

t It has been prophesied that the future man will be a brownie-like crea- 
ture with near-sighted eyes, shrunken body, slim little legs and arms, large 
hairless head, toothless gums, a stomach using only predigested food, muscles 
suited only to push an electric button or pull a lever, and mind very active. 
But this disregards the indispensable need of a sound mind for a sound body. 
There cannot even be a play of emotion without a change in the circulation. 
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development. The erect position has given greater freedom to the 
t chest.. Man uses fewer organs of locomotion than any other animal. 
The opossum has two hands, but they are on the hind limbs. The 
ape has four hands, but must use them z\\ in locomotion. (What is a 
hand ?) The erect position, however, makes spinal deformity easier to 
acquire, and the whole weight being upon one hip at each step man is 
liable to hip-joint diseases. In the horizontal trunk the organs lie one 
behind another; in man they lie one upori another,, and are more liable 
to crowding* ?inCi displacejne?d. The prone position in sickness helps 
to restore them. Large blood vessels at neck, armpits, and groins, 
which occupy protected positions in quadrupeds, are held to the front 
and exposed to danger. The open end of the vermiform appendix and 
of the windpipe are upward in the erect trunk of man. Valves are 
lacking in some vertical veins and present where little needed in hori- 
zontal veins. But i\\6 freedom of the hands more than makes up for 
all the disadvantages of erectness. 

The Survival of the Fittest. — Those who do not work degenerate. 
Those who overwork, or work with only a few organs, as the brain and 
nerves, degenerate. The workers survive and increase in numbers^ the 
idle perish and leai^e few descendants. 

What rate of adjustment to new environment is possi- 
ble for man This has not been ascertained'; it is prob~ 
ably mticJi slower tJia7i has been g'enerally imagined. The 
natives of Tasmania, New Zealand, and many of the 
Pacific Islands became extinct m less than a century after 
adopting clothing and copying other habits from Euro- 
peans. Life in the country in civilized lands differs less 
from the environment of primitive man than does life in 
cities. Cities have been likened to the lion’s cave in the 
fable, to which many tracks led, but from which none led. 
The care of health in cities is now making rapid strides 
along the biological basis of purer air, more open space, less 
noise, simple food, and pure water. Biology, by supplying 
as a standard the conditions which molded man’s body 
for ages, furnishes a simple and sure basis for hygiene. 
To mention one instance among many, man blundered for 
centuries in attempting the cure of consumption, and well- 
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nigh gave up in despair. Yet it has recently been shown 
that if the sufferer returns only in a measure to the open- 
air habits of his remote ancestors, tuberculosis is one of 
the most preventable of diseases. The biological guide to 
health is surer and simpler than tinkering with drugs, fuss- 
ing with dietetics, and avoiding exposure. Man is of all 
animals least tJioroiigJily adjusted to his environment^ be- 
cause of his continual and rapid progress. Disease may 
be defined as the process by whieli the body adapts, or at- 
tempts to adapt, itself to so sudden a change of environ- 
ment that some organ has failed to work in Iiarmony with 
the others. By disease the body comes into adjustment 
with the new condition, or attempts to do so. 

Protoplasm. The life and growth of man’s body, as 
the life and giowth of all animals and plants, depend upon 
the activity of the living 
substance called proto- 
plasm^ as manifested in 
minute bodies called cells. 

In fact, protoplasm can- 
not exist outside of cells. 

The cells of the human 
body and their relation to 
the body as a whole will 
next be considered. 

The Ameba. — Of all the 
animal kingdom, the minute 
creatures that can be seen only with a microscope are most different from 
man. One of the most interesting of these is the a-me'ba (Fig. 5 ; 
spelled also amceba, see Animal Biology, Chap. II). A thousand of 
them placed in a row would hardly reach an inch. Some may doubt 
whether the ameba is a complete animal. Study the figures of it, and 
no head, or arms, or legs, or mouth can be found. It appears, when 
* still, to be merely a lump of jelly. But the ameba can push out any 
part of its body as a foot, and move slowly by rolling its body into the 



Fig. 5. — An Amkba, highly magnified. 

nu, nucleus; false foot. 
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foot. It can put out any part of its body as an arm^ and take in a 
Speck of food ; or, if the food happens to be near, the ameba can make 
a mouth in any part of its body, and swallow the food by closing around 
it (Animal Biology, Fig. 12). The ameba has no lungs, but breathes 
with all the surface of its body. Any part of its body can do anything 
that another part can do. When the ameba grows to a certain size, il 
multiplies by squeezing together near the middle (Animal Biology, Fig. 
13) and dividing into two parts. Amebas have not been observed to 
die of old age ; starvation and accident aside, they are immortal. 

The Ameba and Man Compared. — The microscope shows us that the 
skin, the muscles, the blood, — in fact, all parts of the body, — contain 

numberless small 

A /A 

These cells are 

a. 1, c d e ing with the activi- 

Fjg. 6, — A White Blood Cell, magnified ; forms 

noticed at intervals of one minute. most 

interesting kinds 

of cells we shall find to be the white blood cells, or corpuscles. One is 
shown in Fig. 6, with the changes that it had undergone at intervals 
of one minute. The thought readily occurs that these cells^ although 
part of man'" s body., resemble the atneba that lives an independent' life. 
A man or a horse or a fish — in fact any animal not a protozoan — has 
something of the nature of a colony, or collection, of one-celled ani- 
mals. We are now prepared to understand a little as to how the body 
grows, and how a cut in the skin is re- 
paired. The cells take the iiourishment 
brought by the blood, use it, and grow 
and jnultiply like the ameba. Thus new 
tissue is formed. All animals and vege- ^ 
tables — that is to say, all living things 
— are made of cells. 




A living cell always contains a 
still smaller body called a nucleus 
(Fig. 7). There is sometimes a Cell. 

small dot in the nucleus, called /, protoplasm; nucleus; nu- 

the nucleolus. The main body of cieoius. 

the cell consists of the living substance called protoplasm, con- 
taining nitrogen. Usually, but not always, there is a wall 
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surrounding the cell, called the cell wall Workers with ' 
the microscope found long ago that animals and plants are 
constructed of little chambers which they called cells. It 
was found later that the soft contents in the little chambers 
is of more importance than the walls which the protoplasm 
builds around itself. A living cell is not like a cell in a 
honeycomb or a prison. In biology we define a cell as a 
bit of protoplasm containing a nucleus. No smaller pafT' of 
living matter can live "alone. The protoplasm of the nu- 
cleus is called nucleoplasm ; the rest of the protoplasm is 
called cytoplasm. 

A fiber is threadlike, and is either a slender cell (Fig. 8), 
a slender row of cells (Fig. 10 ), or a branch of a cell. A 



Fjg. 8. — A Cell (from involuntary muscle), so slender that it is called a fiber. 

tissue is defined as a nctzvork of fibers or a. mass of similar 
cells seroing the same pU7'pose^ or doing the same work. A 
membrane is a thin shectlike tissue. 

The Nature of the Human Body. — The human body is a 
community of cel Is ^ and may be compared to a community 
of people. It is a crowded community, for all the citizens 
live side by side as they work. They are so small that it 
takes several hundred of them to make a line an inch long. 
We should never have suspected the existence of cells had 
it not been for the microscope ; but now we know that 
they eat and breathe and work and divide into young cells 
which take the place of the old ones. 

A child that is born in a community of people may become a railroad 
man and carry food and other freight from place to place ; so, in the 
great community of cells (see Fig. 9) making up the human body, the 
red blood cells., like the railroad man^ are employed in carrying material 
from place to place. But the community is old-fashioned, for the 
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citizens build canals instead of railroads for their commerce (see' Fig. 
84). Just as a child may grow up to be a farmer and aid in the con- 
version of crude soil into things suitable for the use of man, so the 
digestive cells take the food we eat and change it into material with 
which the cells can build tissue. Some of the citizens of a comrpunity 
must, at times, take the part of soldiers and policemen, and protect the 

community against 
the attacks of ene- 
mies. The white blood 
cells ^ already referred 
to, may be called the 
soldiers ; for they go 
to any part attacked 
by injurious germs, a 
particle of poison, or 
other enemy, and try 
to destroy the ene- 
mies by devouring or 
digesting them. At 

FIG. 9. -VARIOUS CKI.US of tl.e body. (Jcgi.) ^clp 

Tiny citizens of the bodily community. repair a break in 

the skin. If a splin- 
ter gets into the skin, the white blood cells form a white pus around 
the splinter and remove it. In fact, the white blood cell has been re- 
ferred to as a kind of Jack-at '■all-trades. In the human community 
there are certain persons who reach the positions of teachers,, law- 
makers,, and governors ; they instruct and direct the other members of 
the community. Just so, in the community of cells, there are certain 
cells called ner7/e cells (see Fig. ii) that have the duty of governing 
and directing the other cells. The nerve cells are most abundant in 
the brain. Large cities must have scavengers. Likewise in the human 
body, a community composed of millions of cells, there are certain cells 
in the skin and the kidneys which have this duty. They are continually 
removing impurities from the body.^ 

Division of Labor. — There is a great advantage in each 
cell of the human body having its speciftl work^ instead of 
having to do everything for itself y as each ameba cell must 
do. Under this system each cell can do its own work better 
than a cell of any other kmd can do it. Among wild tribes 
^ From Coleman’s " Hygienic Physiology,” Tl]|e Macmillan Co., N.Y. 
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there is very little division of labor. Each man makes his 
own weapons, each knows how to weave coarse cloth, how 
to cook, how to farm, etc. Savages do not have as good 
weapons as do people who leave the making of weapons to 
certain men whose special business it is. What kind oi 
pocketknives or pencils do you think the boys of this 
country would have if each boy had to make his own 
pocketknife or pencil ? What kind of scissors and thread 
would the girls have if each girl had to make them her- 
self.^ Our muscle cells can contract better than the 
ameba; the cells in the lungs can absorb oxygen better 
than the ameba. We have just as great an advantage in 
“digestion, feeling, and other processes ; for the ameba eats 
without a mouth, digests without a stomach, feels without 
nerves, breathes without lungs, and moves without muscles. 
Division of labor between the sexes also occurs among 
the higher animals. Those who desire that man and 
wo'man should have the same education and work would 
violate the biological law of ‘'progress by specialization,’' 
which could only cause race degeneration. 

A part of the body which is somewhat distinct from 
surrounding parts, and has special work to do, is called an 
organ ; the special work which the orgaii does is called its 
function. The eye is the organ of sight. The skin is an 
organ ; its function is to protect the body. This book will 
treat of (i) the structure, appearance, and position of each 
organ, or anatomy; (2) the function of each organ, or 
physiology; (3) the conditions of health for each organ, 
or hygiene; (4) the conditions under which each organ 
worked in the primitive life of the race ; (5) the effects of 
change of environment ; (6) the anatomy of man compared 
with the lower animals. (5) belongs to the science of 
Ecology. These sciejgices are parts of the science of Biology. 
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The Tissues. — As the organs have dif- 
ferent functions^ they must have different 
sMictures that they may be adapted to their 
work. Just as a house must have brick 
for the chimney, shingles for the roof, 
and nails to hold the timbers and other 
parts together, so the body has various 
tissues to serve different purposes. The 
bones must not be constructed like the 
muscles, and the muscles cannot be like 
the skin. The chief work of the cells is 
to construct the tissues and repair them. 
During life changes are constantly going 


MUSCLK FlliKRS 
from the heart 


Careful little workmen are keeping 


(showing the nu- watch Over every part of 

ciei Of Six cells). little 

builders are busy in repairing and restor- 
ing. No sooner is one particle removed 
than another takes its place. In one di- 
rection the cells, acting as undertakers, are 
hurrying away matter which is dead ; in 
the other direction the unseen builders 
are filling the vacant places with matter 
that is living. 

The Seven Tissues. — There are seven 
kinds of tissues. Two of them, the mus- 
cular and nervous tissues, are called the 
master tissues^ since they control and ex- 
pend the energies of the body. The other 
five tissues are called the supporting tis- 



sues^ since they supply the energy to the fig. h. — nerve 


master tissues, support them in place, cells, showing 

^ ^ ^ their branches 

nourish and protect them. interlacing. 
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The Master Tissues. -The muscular tissue consists 
chiefly of rows of cells placed end to end (Fig. lo). These 
cells have the remarkable p?'operty of becoming broader 
and shorter when stimulated by impulses from nerve cells 
The nerve tissue consists ^ ^ 

of cells with long, spiderlike . -t.y' 

branches (Fig. ii). Some ^ 

nerve cells have branches 
several feet long, so long that 

they go from the backbone 

to the foot. The branches ' 

are called fidcrs (Fig. Fic. 12.- CoNNEcriVE Tissue Cells 

\ cj removed rrom auiong the fibers of 

142). Nerve fibers which Fig. 13. 

carry impulses /O the nerve «,r, nucleus; a branches. 

cells arc called sensory fibers. ^ 

The nerve fibers which carry m 

impulses from the nerve cells 
are called motor fibers. The 

organs are set to work by fj m 

impulses through the motor 

fibers. Besides these two wW 

master tissues there are five 

supporting tissues. iil 

Connective tissue, like all f 

other tissues, contains cells < 

(see Fig. 12), but it consists 

, . ^ ^ Fk;. 13. -Connective Tissue 

chiefly of fine fibers. These fikers 

fibers are of two kinds, — a, by bundles of white fibers; c, a yellow 

very fine white fiber's 7 vhich 

are inelastic^ and larger yellow fibers which are very elastic 
(see Fig. 13). Connective tissue is found in every organ, 
binding together the other tissues and cells. It is inter- 
woven among the muscle cells, afld the tendons at the 






Fio. 13. -Connective Tissue 
Fikers. 

a, by bundles of white fibers; c, a yellow 
fiber. 
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ends of the muscles are composed almost wholly of it. If 
every other tissue were removed, the connective tissue 
would still give a perfect model of all the organs. How 
abundant this tissue is in the skin may known from the 
fact that leather consists entirely of it. 

Fatty (Adipose) Tissue. — Fatty tissue is formed by the 
deposit of oil in connective tissue cells (see Fig. 14). Fat is 

held in meshes of 
connective tissue 
fibers. That fatty 
tissue consists not 
alone of fat, but of 
fibers also, is shown 
when hog fat is 
rendered into lard, 
certain tough parts 
called “crack- 
lings” being left. 
What is the differ- 
ence between beef 
fat and tallow } 
Epithelial tissue 
consists of one or 
more layers of dis- 
tinct cells packed 
close together (see 
Fig. 15). It con- 
tains no connective tissue or other fibers, and is the simplest 
of the tissues. Epithelial tissue forms the outer layer of 
the skin, called the epidermis^ and the mucous membrane 
lining the interior of the body. It contains no blood ves- 
sels, the epithelial cells obtaining their noiirishmeni from 
the watery portion of the blood which soaks through the 



Fig. 14. — Fatty Tissue. P'ive fat cells, held in 
bundles of connective tissue fibers. 

a is a large oil drop: tn, cell wall; nucleus («) and proto- 
plasm (/) have been pu.shed aside by oil drop (aU 
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underlying tissues. Epithelial cells are 
usually 4 :ransparent ; for Instance, the 
blood is visible beneath the mucous 
membrane of the lips. The finger nails 
are made of epithelial cells, and they 
are nearly transparent. 

There are two classes of epithelial 
cells; one class forms protective cover- 
ings (Fig. 15) ; the other class forms the 
lining of glands (Fig. 16). Glands are 
cavities whose lining of epithelial cells 
(Fig. 17) form either useful fluids called 
secretions to aid the body in its work, or 
harmful fluids called excretions to be cast 
out, or excreted. Most glands empty 
their fluids through tubes called ducts. 

Cartilaginous tissue is tough, yet 
elastic. Cartilage or gristle may be 
readily felt in the ears, the windpipe, 
and the lower half of the nose. This 
tissue consists of cartilage cells embedded 
in an intercellular substance through 
which run co 7 i 7 iectivc tissue fibc 7 ^s (sec 
Fig. 18). If yellow fibers predominate, 
the cartilage is yellow and very elastic, 
as in the ear ; if white fibers predomi- 
nate, it is white and less elastic, as in 
the pads of gristle between the bones 
of the spinal column. Cartilage is to 
prevent jars, and, in movable joints, to 
lessen friction. 

Bony (Osseous) Tissue. — Solid bone 
is seen under the microscope to contain 




Fig. 16. — Epithelial 
Tissue; cells form- 
ing two glands in 
wall of stomach. 



Fig. 17. — Six Gland 
Cells : at left, 

shrunken after activ- 
ity ; at right, rested, 
full of granules. 
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many minute cavities (Fig. 19). In these cavities the bone 


cells lie self-imprisoned in walls of stone ; for these cells 



FUn 18. —Cartilaginous 
Tissue. A thin slice highly 
magnified. 

groups of cells; ni, inter- 
cellular substance. 



Fig. 19. — Bony Tissue. Thin 
slice across bone, as viewed 
through microscope. 

Larger blood tube.s pass through 
the large holes (i); the cavities 
containing bone cells lie in cir- 
cles, and are connected by fine 
tubes (3) with the larger tubes. 


have formed the bone by deposit- 
ing limestone and phosphate of 
lime around themselves. There 
are minute canals (3, Fig. 19), 
however, through which nourish- 
ment comes to the cells. The 
watery portion of the blood passes 
through these small canals from 
the blood vessels that flow through 
the larger canals (i, Fig. 19). 
Bone cells may live for years, al- 
though some of the other cells of 
the body live only a few hours. 

New cells to repair the tissues are 
formed by subdivision of the cells, as 
with the ameba. Unlike protozoans, 
many-celled animals are mortal because 
the outer cells prevent the deeper cells 
from purifying themselves perfectly and 
obtaining pure food and oxygen. Even 
the arteries of an old man become hard- 
ened by the deposit of mineral matter 
which the body has been unable to ex- 
crete. 

The body is kept alive and 
warm by burning, or oxidation. 
One fifth of the air is oxygen gas. 
We breathe it during every min- 
ute of our existence. It is car- 
ried by the blood to all the tis- 
sues. Not one of the cells could 


work without oxygen. Without it the body would soon be 
cold and dead, for oxygen keeps the body alive and warm 
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by uniting in the cells with sugar, fat, and all other sub- 
stances in the body except water and salt. Oxygen burns 
or consumes the substances with which it unites, and the 
process is called oxidation. Hence the cells have to be 
continually growing and multiplying to repair the tissue 
and replace the material used up by oxidation. Sugar and 
flour and fat oxidize, or burn, outside of the body, as well 
as in it, as can be proved by throwing them into a fire. 
Water and salt are two foods that do not burn. Hence 
they can furnish no heat or energy to the body. Water 
puts out a fire instead of helping it, and so does salt. 
Throw salt into a fire or on a stove; it will pop like sand, 
but will not burn. 

The cells need the oxygen of fresh air ; they need food 
for the oxygen to unite with, but theyf are injured by many 
substances called poisons. Arsenic destroys the red blood 
cells. Strychnine attacks the nerve cells in the spinal 
cord. Alcohol attacks the epithelial cells lining the 
stomach and, when it is absorbed, attacks the nerve cells 
and other cells. Morphine attacks the nerve cells. 

Written Exercises. — Draw a series of seven pictures to show the 
seven tissues (Figs. lo, 14, 15, 18, 19). Write the ‘‘Autobiography” 
of a White Blood Cell (see also pages 59 and 68). The Rewards of 
Caring for the Health. Health and the Disposition. Which is more 
important, a Thorough Knowledge of Geography or of Physiology? 
Five Things which people Value above Health (and lose health to ob- 
tain). The Blessings that follow Good Health. The Tissues Com- 
pared (function, proportion of cells, intercellular material and hbers, 
activity, rate of change). 

See also pages 50, 116. Pupils should choose their own subjects. 
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NOTE TO lEACHER. — The experiments should be assigned in turn 
to the pupils as each chapter is reached : e.g, this set of 13 will leave 3 
pupils in a class of 39 to stand responsible for each experiment. Each 
pupil sliould do the work separately and credit may be given for the 
btst results. Encourage (or require) each pupil to try every expert" 
ment and record them in a note book. 

Experiment i. (At home or in class.) Albinism. — Study a white 
rabbit as an example of albinism. Does albinism affect only the skin ? 
What evidence that its blood is of normal color? 

Experinunt 2. Use of Hairs on the Skin. — Let one pupil rest his 
hand upon the desk behind him while another touches a hair on his 
hand with a pencil. He should speak at the moment, if it is felt. Do 
the hairs increase the sensitiveness of the skin? What was their use 
with primitive man? Are the hands of all your acquaintances equally 
hairy? Are the hairs to be classed as rudimentary? Will they disap- 
pear? Will the race become baldheaded? 

Experiment 3. (Home or school.) Invisible Perspiration, — Hold 
a piece of cold glass near the hand or place the cheek near a cold win- 
dow pane and notice for evidence of moisture. Its source? 

Elxperiment 4. — Effect of Evaporation on Temperature. — Read a 
thermometer and cover its bulb with a moist cloth. Read again after 
twenty minutes. Repeat experiment in breeze. 

Experiment 5. Moisten one hand and allow it to dry. Touch the 
other hand with it. Explain result. 

Experiment 6. Absorbing Power of Fabrica. — Wet the handstand 
dry them upon a piece of cotton cloth. Repeat with woolen, linen, and 
silk. Arrange in list according to readiness in absorbing water. 

Experiment 7. Rates of Drying. — Immerse the cloths in water and 
hang them up to dry. Test their rates of drying with dry powder or by 
touch. 

Experiment 8. Test Looseness of Weave of above cloths by measu*** 
ing the distance pieces of equal length will stretch. 

Experiment 9. Does Cotton or Wool protect better from RadIftAt 
Belt? — tky a thermometer in the sun for ten minutes, first covering 
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Ml by ^ ODi^n, the other by {Ifti^ ? _ 

- *®' .'i***“ Ab«0tp«|^’il^'SP^f3lW^ , ,. 

s^t^hty A 

s^me thkkisbs, material,^ ^ (exti|jE|e, Ua^^bkusk, 
jjftiiliip#, ^d whit^ doth Note rise q| tetn^rature for ecjt(al^ tinij|)S b i ^ 
4$me ; idsd the M of teitipeiiitture fol ^qua} tuaes Itfti^ 

^ 0ii0Hm0n^ Medai ^ I>fy Pqwdeils. — l^iypar^ %4> #|i»res i 
the saihe j^iec^ of leathef an old sboi^* 3!ijblste»i thiftSte berths 

Alor ^powder to one Which dries more qt!|dfefr^ |0t©l»eat^^|ftef 
oSiBg them. Powder a portion of the fece or ari|^i|<py for a ah4 
pompare with the clean portion § ^ r'^ 

)Mxg$rtmnt i:i* Dissect the kidney of an oa o|$^ee|v 
fti parts n^ntioned in the text, p. 26 ^ i " 

kxptrtmmti'^* (In class.) ffitaergency Drill Have qne^^ wel 
an imaginary burn on the arm of another^ treat it With flour or sOd%"mi^ 
bandage. (See text.) / 

Tbe Skin has Two Layers — The outer layer Iscaltedtlhi 
^de^ts, it is thinner^ more transparent^ and I 4 SS 
tJiiSSl the inner layer, or dermts. The epid^arniis is 
posed epithelial cells packed dost together (see e^tflre^ 
Fig; t). 

The dermis, or inner layer, is a closdy woveit sheet 6f 
eonmei^tive tissue (colored Fig. i) containing a great 
her of sweat and otl glands, ro 0 ts of hatrs, U&$4 vesp^sii 
absorbent vessels (lynipfaatics), arid nerves (colored Fig* 
The dermis is sometimes called the true skiri because h;i| 
ol sggreater importance than the epidermis. It^is 
to the underlying organs by a layer o|4 
Jt is iri this layer that fet is stored* 
snrfarie of the der|nis rises into a multitude^^ pipfedl^ons 
|ws« c^Aired Fig i^|illed/«/»*7'^(si%ular>papil!^|f the 
\b54emjls fite^ckae^ 6ver tbBi?C»nd 
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ridge in the skin above each row of papillae (Fig. 24). In 
the papillae are small loops of blood vessels and sometimes 
a nerve fiber (colored Fig. i). 

The epidermis is composed of a mass of cells held to- 
gether by a cement resembling the white of an egg. The 
cells near the surface are hard and flattened ; those deeper 
down near the dermis are round and soft (see Fig. 21). 

These cells are liv- 
ing cells. They are 
kept alive by the 
nourishment in the 
watery portion of 
the blood which 
soaks through from 
the blood tubes in 
the neighboring pa- 
pillae. Hence these 
cells are growing 
cells; they subdivide 
when they reach a 
certain size, and re- 
place those wearing 
away at the surface, thus constantly repairing the epider- 
mis. The dry outer cells wear away rapidly. They have 
no nuclei and are dead cells. The new cells forming be- 
neath push them so far away from the dermis that nour- 
ishment no longer reaches them, and they die. 

Pigment. — The cells in the lower layers of the epidermis 
contain grains of coloring matter, or pigment. All other 
cells of the epidermis are transparent ; the pigment has the 
function of absorbing and arresting light. Albinos or 
animals entirely without pigment have pallid skins and 
pink eyes (Exp. i). 



Fig. 20. — Epidermis Fig. 21. —Epidermis 
OF Ethiopian. of Caucasian. 


THE SKIN 


19 


Immigrants from a Cloudy to a Sunny Climate. Adaptation. — The 

cells of the deeper tissues can readily be exhausted by the stimulation 
of too much light. The sunnier the climate, the greater the need of 
pigment; hence the dark skin of the negro and the blonde skin and 
hair of the Norwegian. European immigrants to sunny America will 
grow darker. The Indian’s skin is better suited to our climate than is 
a fair skin. Brunettes have a better chance for adaptation than blondes. 
The American t)'pe when developed will doubtless be brunette. 

The hair grows from a I'^it or follicle (PTg. 22). Blood 
vessels and a nerve fiber go to the root bulb from which 

a hair grows. The hair will grow un- 
til this papilla, or bulb, is destroyed 
(Exp. 2). 

Adaptation of the scalp to a tight warm cov- 
ering is accomplished through the shedding of 
the hair rendered useless by the covering. It is 
impossible to stop the growth of superfluous hair 
unless the hair papilhe are destroyed with an 
electric needle, such is the vitality of hair; yet 
many men, by overheating the head and cutting 
off the circulation with tight hats, destroy mucli 
of the hair before reaching middle age. The 
health of the hair can be restored and its loss 
be stopped by going bareheaded except in the 
hot sun or in extremely cold weather. This frees the circulation; cold 
air and light stimulate the cells of the scalp. Some men wear hats, 
even at night in summer. The brain needs the protection of the hair. 
Beard protects the larynx or voice box, which is large and exposed in man. 
It was also a protection in hunting wild beasts and in war. Compare 
mane of lion, not possessed by lioness. ‘‘ Goosc-iiesh ” after a cold bath 
is caused by the contraction of small muscles (colored Fig. i), raising 
the now tiny hairs in an absurdly useless effort to keep the body warm. 

The nails are dense, thick plates of epidermis growing 
from a number of papillae situated in a groove, or fold, of 
the skin ; there are many fine papillae along the bed from 
which the nail grows. Since it grows from its under side 
as well as from the little fold of skin at its root, the nail is 
thicker at the end than near the root 



Fio. 22. — Dkvei.op- 
MENT OF A Hair 
ANJ) Two Oil 

(jLANDS. 


20 


HUMAN BIOLOGY 



Fig. 23.— Development of 
Sweat Gland; B , Sweat 
Tube Developed. 


The oil glands empty into the hair follicles (colored Fig. i ). 
They form an oil from the blood that keeps the hair glossy 

and the surface of the skin soft 
and flexible by preventing ex- 
cessive drying. Hair oil should 
never be used upon the hair, as 
the oil soon becomes rancid, and 
besides causes dust and dirt to 
stick to the hair. 

The sweat glands (Fig. 23), 
like the hair bulbs, are deep in 
the lowest part of the dermis. 
A sweat gland has the form of a 
tube coiled into a ^^^//(colored Fig. i). This tube continues 
as a duct through the two layers of skin, and its opening 
at the surface is called a fore (Fig. 24). The perspiration 
evaporates as fast as it flows out through the pores, if the 
secretion is slow; but if poured out rapidly, it gathers into 
drops (Exp. 3). The perspiration is chiefly water, contain- 
ing in solution several salts, including 
common salt and a trace of a white, 
crystalline substance called urea. The 
material for the perspiration is fur- 
nished by the blood flowing around 
the gland in a network of fine tubes. 

The amount of the perspiration is con- 
trolled in two ways : by nejwes that 
regulate the activity of the epithelial 
cells lining the gland, and by nerves 
that regulate the size of the blood ves- 
sels supplying the gland (Fig. 25). 



Fig. 24. — Pores on 
ridges in palm of hand. 


Thought Questions. — Freckles, Warts, Moles, Scars, Proud Flesh, 
Pimples, Blackheads. Use these names in the proper places below : — • 
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A rough prominence formed by several papillas growing through the 

epidermis at a weak spot and enla»*ging is called a . Small patches 

of pigment developing on the hands and face from much exposure to 

the sun are called . The growth of exposed dermis sprouting 

through an opening in the epidermis due to accident is called . 

(This should be scraped off ind cauterized to aid the epidermis to grow 
over it again.) Sometimes a cut heals in such a way that no epidermis 
and therefore no pigment cells cover the place of injury, which is occu- 
pied only by white fibrous tissue (cicatricial tissue) of the true skin. 

In this case the mark left is called a cicatrice or . If pores or the 

openings of oil glands become clogged, but not enlarged, little swell- 
ings called may result. An enlarged pore filled with oil and dirt 

is called a . A s}>ot present since birth, dark with pigment, and 

often containing hairs and blood vessels, is called a . 

Regulation of Temperature. — As is well known, rapid 
running or violent exercise of any kind causes profuse per- 
spiration. The sweat glands are connected with the brain 
by means of nerves, and when the body has too much heat, 
a nerve impulse front the lowest part of the brain r.auses the 
sweat glands to form sweat more rapidly. Heat and exer- 
cise may cause the activity of the sweat glands to increase 
to forty times the usual rate. The evaporation of the sweat 
cools the body, for a large amount of heat is required to 
evaporate a small amount of water (Lxj). 4 and 5). This 
is shown by the cooling effect of sprinkling water on the 
floor on a warm day. By fanning we hasten the cooling 
of the body (Exp. 4). 

Exercise tends to heat the body, but it also causes us to 
breathe faster and causes much blood to flovu through the 
skin. Both of these effects aid in cooling the body, for 
the cool air is drawn into the lungs, becomes warm, and 
takes away heat when it leaves ; and the warm blood flow- 
ing in the skin loses some of its heat to the cool air in con- 
tact with the skin. 

Effects of Alcohol upon the Skin. — The more blood 
goes to the skin, the more blood is cooled. The body 
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as a whole may be cooler, but we feci warmer when 
ther^e is more blood iii the skin because of the effect of 
the warm blood upon the nerves of temperature. There 
are no nerves for perceiving temperature except in the 
skin and mucous membrane, and the body has practically 
no sensation of heat or cold except from the skin or 
mucous membrane. That alcoholic drinks make the skin 
red is commonly noticed. Often the skin is flicshed by 
one drink ; the bloodshot eyes and purple nose of the 
toper are the results of habitual use. Can you explain 
why alcohol brings deceptive feeling of warmth? Why 
does alcohol increase the danger of freezing during ex- 
posure in very cold weather ? During the chill which pre- 
cedes a fever, the body (except the skin) is really warmer 
than usual. 

Exercise will relieve internal congestion and send the 
blood to the skin better than alcohol. This is the effect 
sought by sedentary people who use it to replace exercise. 
The long and sad experience of the race with alcohol 
proves that the attempt to adapt the body to its use should 
be given up. 

Thought Questions. The Functions of the Skin. — 1. State a fact 
which shows that the skin is a protection ; gives off offensive sub- 
stances ; regulates the temperature. 2. What is lacking in the skin 
when it cracks or chaps? Why does this occur more often in cold 
weather? When the hands are bathed with great frequency? 

Effects of Indoor and Outdoor Life. — Those who live much out of 
itoors^ exposed to sunlight and pure^ cold air^ arc robust and hardy ; 
while those whose occupations keep them constantly indoors, especially 
if no physical labor is necessary, show by their pale skins, their fat and 
flabby, or their thin and emaciated bodies, the weakening effect of such 
a life. We are descended from ancestors who lived in the open air, and 
it is impossible for a human being to live much indoors without de- 
generation of the body and shortening of life. 

A Well-trained Skin. — We hear a great deal about training the 
muscles, the brain, the eye, the hand ; yet we may fail to realize that 
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the skin also can be trained and its powers developed, or it can be 
allowed to become weak and powerless. Soundness of the skin is as es- 
sential to health as soundness of any other organ. A rosy color indicates 
good health because of a well-balauced circulation. Paleness often 
means internal congestion and great liability to indigestion, colds, etc. 
Hence we think a rosy skin beautiful and a pale skin ugly. With the 
skin in a healthy condition, the danger of taking most diseases is 
removed. 

Characteristics of a Vigorous Skin. — A person who readily takes 
cold, who is fearful of drafts of air at all times, has a weak skin. To 
one who has a healthy skin dralts are dangerous only when the skin 
is moist with perspira- 
tion, and the body is 
inactive ; cold drafts 
may then do harm. 

Cold air and cold water 
are the best means of 
toughening a tender 
skin. A bath is to the 
skin what gymnastic 
exercises arc to the 
muscles. The muscle 
fibers in the walls of 
the blood vessels and 
the nerves controlling 
them need exercise as 
well as the rest of the 
body (Fig. 25). 

Importance of 
Bathing. — If tve 

followed the out- Fig. 25- - B>-000 vessels, with the VAsr.-MOTOR 
Nkrvks whicli accompany and control them. 

door life a7id wore 

the scanty clothing of savage races ^ the trains ^ the cool air^ 
and the sunlight would keep our shuts vigorous and 
sound. But want of exercise to induce perspiration allows 
the sweat glands to become stopped up. The wearing 
of clothes is a very uncleanly custom. Clothes make the 
skin inactive, yet confine the impurities which the 
weakened skin may still be able to excrete. Thick ^nd 
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heavy clothing and overheated rooms prevent the nerves 
from being stimulated by cold air and sunlight. The best 
way to counteract these weakening conditions is by frequent 
cool or cold baths. An air bath, which consists of exposing 
the bare skin to the air for half an hour or more before 
dressing in the morning, may take the place of a cold 
bath. Even the lower animals bathe : birds, dogs, and 
many lower animals bathe in the rivers. An elephant 
sometimes takes a bath by showering water over his back 
with his trunk. 

Treatment of Burns. — Wet the burn with a little water 
and sprinkle common baking soda or flour thickly on it. 
Bind with a narrow bandage. For deeper burns soak a 
small square of cloth in a strong solution of baking soda, 
bandage it on wound, and keep it wet with the solution. 
Olive, cotton seed, and linseed oils are excellent for burns 
(Exp. 13). 

, Hygiene of Bathing. — A bath should not be taken 
within an hour after a meal. Cold baths (i) should 
never be taken in a cold room nor when the skin is 
cold ; (2) are more beneficial in summer and in warm cli- 
mates, but are necessary in winter for those who live in 
overheated houses or dress very warmly ; (3) should be 
followed in winter by vigorous rubbing and a glowing re- 
action ; (4) should usually not last longer than one minute 
in winter. Warm baths (i) are more cleansing than cold 
baths ; (2) should not be used alone but should always be 
followed by a dash of cold water ; (3) are better than cold 
baths if the body is greatly fatigued ; (4) are more benefi- 
cial when going to bed than upon rising. 

Cold baths and very hot baths are both stimulants to 
the nervous system and cause an expenditure of nervous 
energy. For one whose neiwous energy is at a very low 
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ebb cold baths may be weakening if prolonged beyond a 
few seconds. For one with skin relaxed and body sluggish 
frorri indoor life, cool baths arouse activity, tone up the 
body, and may be as beneficial as outdoor exercise in restor- 
ing vigorous health. As with every hygienic measure, 
each person must find out by experience what suits him 
best. 

Clothing was first employed for ornament. In cold climates it aids 
in maintaining the uniform temperature of the body ; to it man owes 
his distinction of being the most widely distributed of animal species. 
Clothing prevents rapid escape of bodily heat by confining air, a non- 
conductor of heat, in its meshes. Hence, the etfect of clothing varies 
with the weave] likewise with the tendency of its fibers to keep dry, for 
if water replaces air in the meshes, the body loses heat rapidly, f'or 
cool clothing the weave should be hard and tight, for warm clothing it 
should be soft and loose. The warmth of clothing is affected more by 
its weave than by its weight. The weave may be tested by stretching ; 
the fabric with softest weave will stretch the most (Exp. 8), Linen 
makes the coolest of all clothing because it weaves hard with small 
meshes; silk ranks next in coolness. When warmth is desired, linen 
or cotton garments should be made of fabrics woven like stockings. 
Linen and cotton both absorb water rapidly and dry rapidly (Exp. 6) ; 
if woolen did also, it would make the warmest of all clothing, but it 
dries so slowly (Exp. 7) that it cools the body after the activity is over 
instead of drying rapidly and, as with linen and cotton, keeping the 
body cool during the exertion (Exp. o). Woolen weaves with the 
largest air meshes of all materials ; hence its warmth increases perspi- 
ration, but woolen removes perspiration most slowly and tends to relax 
the skin if the wearer has an active skin or makes active exertion. 
Woolen is best for underclothing during extreme cold only or for per- 
sons who never make such vigorous muscular exertion as to perspire. 
In general, cotton or linen is best for underwear. They possess the 
added advantages of less cost and of not shrinking out of size and 
shape when washed. A mixture of cotton and silk or of cotton and 
wool is more durable than either alone. Cotton and linen, unlike 
woolen, are not attacked by insect pests. 

It is better to depend more upon outer clothing than underclothing 
for warmth. In the Gulf states the wearing of woolen outer clothing 
indoors during w'arm weather (which lasts eight months) is unhealth- 
ful and uncleanly because of the perspiration absorbed ; this is as 
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absurd as to wear cotton outer clothing in Northern states during the 
eight cold months. 

Black clothing absorbs twice, blue almost twice, red and yellow 
almost one and a half times, as much heat as white clothing (Exp. lo). 
Which material protects best from radiant heat ? (Exp. 9.) Because 
large blood vessels are near the surface at the neck, wrists, and ankles 
very thin or no covering at those points aids greatly in keeping the 
body cool. Higli collars, long sleeves, and high shoes are unhealth- 
ful in warm climates and in summer. What objection to black shoes 
in summer ? Patent leather ? Show how women dress more sensibly 
in hot weather than men. 


The kidneys are located on each side of the spinal col- 
umn in the “ small of the back and extend slightly above 

the level of the waist. 
They are bean-shaped or- 
gans about four inches long 
(Fig. 26). The kidneys of 
a sheep or ox closely re- 
semble those of man. They 
are outside of the perito- 
neum (Fig. 99) and at- 
tached to the rear wall of 
the abdomen. A large 
artery (12, colored Fig. 5) 
goes to each kidney and 
divides into many capilla- 
ries which surround tubules 
in the kidneys (Fig. 27). 
The secretion, containing 
nitrogenous impurities of 
the blood, is continually being deposited in the tubules, 
which take it to a funnel-shaped cavity at the inner edge 
of the kidney (Fig. 26). From this cavity a white tube 
called the ureter leads down jto a storage organ in the 
pelvis called the bladder. 



Fui. 26 . —Section of Kidney. 

RAy renal artery. Fy, pyramids surrounding 
hollow space from which the ureter (f/) 
leads the secretion to the bladder. 
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Changes in Blood in the Kidneys. — 

The water holding the nitrogenous 
waste varies in amount with the 
amount of water drunk and with the 
activity of the skin, being less in sum- 
mer when the perspiration is great. 

The lungs aid the skin and kidneys 
in disposing of superfluous moisture. 

The kidneys have almost the entire 
responsibility of relieving the body of 
certain mineral salts and a white crys- 
talline solid called tirca. This is very 
injurious if retained, causing headaches, rheumatism, and 
other troubles. 

Thought Questions. Hygiene of the Skin. — 1. What kind of a 
scar is not affected by freckles or tan? 2. Can a scar on a negro be 
white? 3. Does a scar on a cliild grow in size? 4. Why is heat 
most oppressive in moist weather? 5. How do you account for the 
shape and location of the usual bald spot? 6. How does the wearing 
away of the outer cells of the epidermis contribute to the cleanliness of 
the body? 7. Why docs the palm of the hand absorb water more 
rapidly than the back of the hand? 8 . Is it more necessary for mental 
workers to bathe often or change their clothes often? For physical 
workers? 9. Is cotton or woolen clothing more liable to stretch or 
shrink out of shape or size? To catch fire? To make the skin clammy 
with moisture? To cost uioic? To be eaten by moths? 
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CHAPTER III 


THE SKELETON 

Experiment i. (At home.) Is the Arch of the Foot Elastic? — 
Wet the foot in a basin of water and, while sitting, place the foot flat 
upon a piece of paper. Draw die outline of the track. Repeat, but 
stand with your whole weight upon the foot. Draw crack. Con- 
clusion? (Take sketches to school. Which sketch shows the flattest 
foot?) Devise a method for measuring the length of the foot with 
and without the weight of the body upon it. What difference? Con- 
clusion ? 

Experiment 2. Composition of Bone. — Place a bone in a hot fire and 
let it remain for three or four hours. It will keep its shape iiowever long 
you burn it; but unless you handle it carefully when you take it out, it 
will crumble to pieces. If not thoroughly burned, the bone will be 
black from the carbon of the animal matter still left in it. Experiment 3. 
Obtain a slender bone like the rib of a hog or the leg bone of a fowl, 
and put the raw bone into a vessel containing strong vinegar or two 
ounces of muriatic acid and a pint of water. Leave it there for four 
days. When the bone is taken out, it can be tied into a knot. The 
acid may be washed off, and the bone preserved in a bottle of alcohol 
or glycerine. 

Experiment 4. The Forms of Joints. — Obtain the disjointed bones 
of a fowl or small mammal and place them one at a time in their 
sockets and study the fit and motion of the joints. 

Elxperiment 5. Pivot Joints. — Through what fraction of a circle do 
the pivot joints in the foreCiUi and neck allow the hand and head to 
rotate? 

Review Questions. — Where are the bone cells? How does nour- 
ishment reach them ? How has the mineral part of the bones been de- 
posited? How long may bone cells live? Name animals with outside 
skeletons. Inside skeletons. No skeleton. 

Forms and Uses of Bones. — The three chief uses of bones 
are protection, motion, and support. In order to fulfill 
these purposes, the bones must have different sizes, shapes, 
and positions. The bones are classed by shape, as long, 
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flat^and irregular. Those whose chief use to protect are 
broad and flat. The bones which furnish support are thick 
and solid ; those designed to aid in 
motion are long and straight. I n eluding 
six small bones in the ear, there are two 
hundred and six bones g 
in the adult skeleton. 

Gross Structure of 
Bones. — The structure 
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in Fig. 29. It has a 
long, hollow shaft of 
hard, compact bone, and 
C 7 ilargcd ends composed 
of spongy bone. The 
hollow in the shaft is 
filled with fellow mar- 
row^ which is composed 
of blood vessels and fat, 
and aids in nourishing 
the bone. Thelongbones 
are found in the limbs 
(Fig. 28). The ribs and 
other flat bones and the 
irregular bones contain 
no yellow marrow ; they 
are spongy inside, and 
hard and compact near 
There is a red marrow in the Front view of 

R.IGHT FFMUR 

cavities in the spongy parts of bones (Fig. 29). 

Neiv red blood cells arc formed in this marrow. The bones 
have a close-clinging, fibrous covering composed of con- 
nective tissue and blood vessels. It is called periosteum. 


lit'* 
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Fig. 29. — Femur, sawed 
lengthwise. The red 
blood cells are formed 
in the red marrow of 
the spongy part. 

the surface. 




Fig. 30. - 
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Chemical Composition of Bone. — Experiments (2 and 3) 
show that the bones contain a mineral or earthy substance^ 


which makes them hard and stiff, and 
a certain amount of animal matter^ 
called gelatine, which binds the min- 
eral matter together and makes the 
bones tough and somewhat elastic. 
The fire burned out the animal matter 
of the first bone, and the acid dissolved 
out the mineral matter of the second 
bone. The minct'al matter is chicjiy 
lime, and makes up about two thirds of 
the weight of the bone. (Why is more 
mineral than animal matter needed ?) 
The afiimal gelatine is a gristly sub- 
stance. As the body grows old, the 
animal matter of the bones decreases, 
and they become lighter. They are 
more easily broken and do not heal so 
readily as the bones of young persons. 

The skeleton is subdivided into the 
bones of the head, trunk, and .limbs. 
The bones of the trunk are those of 
the spine, the chest, the shoulder blades, 
collar bone, and hip bones. 

The spinal or vertebral column is 
made up of twenty-six bones (Fig. 31). 
It is the axis of the human skeleton, 
to which all other bones are directly 



or indirectly attached. Animals with fig. 31 . — vertebral 
inside skeletons have this column, and vi^w. 


are called vertebrates. Fish, reptiles, birds, beasts, apes, 
and man are vertebrates. The spine, as this column is some- 
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times called, is not only the main connecting structure and 
support of the body, but it forms a channel through which 
passes the spinal cord. 

Fig. 32 shows a vertebra, or one of the bones that compose the 
column. The three projecting points or processes are for the attachment 

of ligaments and muscles. The main body 
of each vertebra is for supporting the 
weight transmitted by the column above. 
Just behind this thick body is a half ring 
(Fig. 32), which with the half rings on 
the other vertebrae form the channel for 
the spinal cord. Between the vertebrae 
are thick pads of gristle, or cartilage, which 
act as cushions to prevent jars, and by 
compression allow bending of the spinal 
column in all directions. 

The Chest (see Fig. 75). — The 
twelve pairs of ribs are attached 
to the spinal column behind, and 
extend around toward the front of 
the body, somewhat like hoops. The first seven pairs, 
called true ribs, are attached directly to the flat breastbone, 
or sternmn. Each of the next three pairs, called false ribs, 
is attached to the pair above it. The last two pairs, 
called floating ribs, are free in front. 

The Shoulder Girdle. — The collar bones (Fig. 28) can be 
traced from the shoulders until they nearly meet on the 
breastbone at the top of the chest. The collar bone is 
shaped like the italic letter f ; it helps to form the shoulder 
joint and holds the shoulder blade out from the chest that 
the motions of the arm may be free. 

The flat, triangular shoulder blade (Fig. 75) can be felt 
by reaching with the right hand over the left shoulder. It 
spreads over the ribs like a fan. Its edges can be made 
out, especially if the shoulder is moved white it is being 



Fig. 32. — Side and Under 
View of a Verteura. 
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felt. The high ridge which runs across the bone can be 
felt extendiiig to the top of the shoulder. 

The Pelvic Girdle. — The edges of the hip bones can be 
felt at the sides of the hips (Fig. 28). The hip bones, 
with the base of the spine, 
form a kind of basin called 
the pelvis. 

The skull (Fig. 33) rocks, 
or nods, on the top vertebra. 

It consists of the cranium, or 
brain case, and the bones of 
the face. The shapes and 
names of the bones of the 
skull are shown in Fig. 33. 

Adaptations of the Skull 
for Protection. — Its arched 
form is best for resisting pressure and turning aside blows. 
Like all flat bones, the skull has a spongy layer of bone 
between the layers of compact bone forming the outer and 
inner surfaces ; hence it is elastic and not easily cracked. 
The nose, brow, and cheek bones project around the eye 
for its protection. The delicate portions of the ear are 
embedded in the strongest portion of the skull. The 
branches of the nerves of smell end in the lining of the 
bony nasal chambers. The spinal cord rests securely in 
the spinal canal. , 

The arms and legs have bones that closely correspond* to 
each other. The Latin names of these bones, as well as 
of all the other bones, are given in Fig. 28. There are 
30 bones in each arm and 30 in each leg (Fig. 34). 
Here is a list of the bones of the arm, followed by the 
names in brackets of the corresponding leg bones : upper 
arm bone [thigh bone], 2 forearm bones [shin bone and 



MaTill. inf. 

Fig. 33. — Human Skull, 
disjointed. 



34 


ffC/MAAT BIOLOGY 


splint bone], 8 wrist bones [7 ankle bones], 5 palm bones 
[5 bones of instep], 14 finger bones [14 toe bones]. The 
shin bone is the larger bone between knee and ankle. 

The long, slender splint bone and the 
shin bone are bound side by side. 

Differences between Arm and Leg. — 
There is a saucer-like bone, called the 
kneecaps embedded in the large liga- 
ment which passes over each knee. 
There is no such bone in the elbow. 
There is one less bone in the ankle 
than in the wrist, hence there are the 
same number of bones in the arm and 
leg. The shoulder joint is more freely 
movable than the hip joint. The fin- 
gers arc longer and more movable than 
the toes; the thumb moves far more 
freely than the big toe. The instep is 
much stronger than the palm ; for each 
instep must support, unaided, the 
weight of the whole body at each step, 
with any other weight that the person 
may be carrying. The palm is nearly 
flat, but the instep is arched to prevent 
jars. When the weight of the body is 
thrown on the foot at each step, the top of the arch is 
pressed downward, making the foot longer than before. 
The arch springs up when the weight is removed (Exp. i). 

Illustrated Study. The Shapes of Bones. — Write Z, or 1 
after these names (see Fig. 28, etc.), according as the bones are long, 
flat, or irregular : face, cranium, vertebra, hip, rib, breast- 
bone, collar bone, shoulder blade, upper arm bone, lower 

arm bones, wrist, palm, fingers, thigh bone, shin bone, 
splint bone, ankle, instep, toes, kneecap. 



Fig. 34. — Bonks of 
Arm and Leg. 
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Structure of Joints. — The meeting of two bones forms 
a joint (Exp. 4). Some of the joints are immovable. 
The skull bones join in zigzag lines called sutures, formed 
by the interlocking of sawlike projections (Fig. 35). These 
immovable joints are necessary for the protection of the 
brain, which is the most delicate of the organs. The brain 
attains almost its full size by the seventh 
year of life; its bony case needs to grow 
very little after that. The joints of the 
pelvis are also immovable. • All movable 
joints have two cartilages, and as the bones 
turn, one cartilage slips over the other. 

There is an intermediate class of joints 
found between the vertebrae and where the 
ribs join the breastbone. These joints de- kjq. 35 . — sutures 
pend for their motion upon the flexibility 
and compressibility of their cartilages. They are called 
mixed, or elastic, joints, and allow slight motion. Such a 
joint has only one cartilage. 

Kinds of Movable Joints. — The movable joints are found 
chiefly in the limbs. When one end of the bone is rounded 
and fits into a cuplike hollow, the joint allows motion in 
all directions, and is known as a ball-and-socket joint. The 
hip joints and shoulder joints are examples. A hinge joint 
allows motion in only two (opposite) directions ; for exam- 
ple, the to-and-fro motion of the elbow. A pivot joint 
allows a rotary motion; examples, the first vertebra on 
the second, one bone of forearm upon the other. A glid- 
ing joint consists of several bones that slide upon one 
another, as at the wrists and ankles. 

The Four Features presented by a Movable Joint (Fig. 
36). — If not held in place, the bones would slip out of 
their sockets, hence there are ligaments, or tough bands, 
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to bind the bones together. Sudden jolts would jar the 
bones and injure them; shocks are prevented by a layer 

of elastic cartilage over the 
end of each bone. The mov- 
ing of one bone over another 
in bending a joint would wear 
the bone with friction un- 
less the cartilages were very 
smooth and lubricated with a 
fluid called the synovial jitiid. 
The synovial fluid would be 
constantly escaping into the 
surrounding tissues except for 
the collarlike ligament called 
the capsule^ which surrounds the joint and is attached to 
each bone entirely around the joint (Fig. 36). 



Fig. 36. — Diagram of a Joint. 


Thought Questions. The Kinds of Joints. — Write 
or / after these names according to the kind of joint (ball-and-socket, 
hinge, gliding, elastic, pivot, immovable) : between bones of skull, 
head nodding, head turning, vertebnu, lower jaw, ribs to 
breastbone (Fig. 75), shoulder, elbow, wrist, fingers, 
hip, knee, ankle, toec. 

Growth of Bones. — The biood vessels pass into the bones from the 
periosteum. If the periosteum is removed the larger blood vessels are 
taken away and the bone beneath it perishes. If the underlying bone is 
removed and the periosteum left, the bone will be replaced. A curious 
proof of the active circulation in the bone is furnished when madder is 
mixed with the food of pigs. In a few hours the bones become a darker 
pink than usual ; and if the madder is fed to the pigs for a few days, 
their bones become red. A child grows in height chiefly during three 
or four months in spring and summer; but its body broadens and 
becomes heavier during autumn. 

Health of the Bones. — It is plain that a strong and free circulation 
of pure blood contributes to the health and strength of the bones ; good 
food and pure air make pure blood. Cases of “ delayed union,'’ or 
slow mending of broken bones, occur more often with intemperate than 
with sober people. This is because the vitality of the bone cells has 
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been weakened by the use of alcohol. Many surgeons dislike to operate 
on an old drunkard. 

Posterior Curvature of the Spine. — The spine (see Figs. 28, 31) has 
two backward curves (opposite chest and hips) and two forward curves 
(at loins and neck). The deformity called posterior cun^ature is chiefly 
an exaggeration of the upper posterior curve. Round shoulders is the 
slightest, and hunchback the most marked, degree of this 
deformity. \ \ ^ bending enter the work 

standing or sitting ; 2, slipping down in the seat ^ .ts in Fig- 
ure 51 ; 3, working habitually with the work low in front, 
as reading and writing at too low a desk (Fig. 49), or bend 
ing over while hoeing, sitting on the floor (Japanese and A '^(u / 
Chinese) ; 4, weak fnuscles in the back ; 5, wearing shoes i 

with high heels ] 6, binding the ribs down with tight cloth- \^] t\ 
ing; 7, walking with the head drooped forward or the 
chest flat ; 8, wearing suspenders without a pulley, or lever, ^ i| 
at the back ; 9, carrying the hands in the pockets. (Swing V.(vv 

the arms to keep the hands out of the pockets and break | ^ 
the habit) ; 10, wearing a coat or vest that is tight at \ 

the back of the neck. This deformity is brought about by \ | 

stretching the ligaments at the back side of the spine, and ^ 
by compressing the cartilages until they become wedge- jNco/RE(^ 
shaped^ with the thin part of the wedge in front. The posture, 
flexibility of the spine is a great advantage, but it in- 
creases the risk of deformity. One of the most serious 
evils of posterior curvature is a flat chest and restricted 
breathing. 

Lateral Curvature of the Spine. — A perfect spine curves m 

to neither side (Fig. 47), but is perfectly erect. The least k 1 
habitual lateral curvature is deformity. Causes: r, writing I 

at a desk that is too high ; 2, habitually carrying a book, V ] 'h 
satchel, or other weight in the same hand; 3, carrying the 
head on one side (Fig. 46) ; 4, habitually standing with the {(/ / 
weight on the same foot; 5, a certain defect of vision 
(astigmatism, Chap. IX). 

To overcome Spinal Deformities. — The work, or the 
manner of doing the work, should be so changed as to give 
extra labor to the neglected muscles. Avoid the habits 
mentioned above as causing deformity. Sit and stand in 
the manner described in the next paragraph. Sleeping on p^sTU k k 
the back upon a hard mattress without a pillow tends to ^ut strained 
cure posterior curvature and flat che^t. and stift 
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' The correct position in standing is : chest fovward^ chin in^ hips back 
(Figs. 38, 39). To sit correctly, sit far back in the chair (Figs. 60, 
61, 62) with the body erect and balanced. In youth the bones are soft 
and growing ; they will readily grow into perfect shape, and will almost 
as readily grow deformed. 

Sprains. — hnmerse the part in hot water for half an hour, then 
bandage to keep the part at rest. Use the limb as little as possible. It 
may be necessary for a physician to apply a plaster dressing to a very 
bad sprain where the ligament is torn from the bone. 

Broken Bones. — To prevent bone from aitting flesh and skin, do not 
move the person until a temporary splint has been provided by tying 
sticks or umbrellas around the limb with handkerchiefs. 

Practical Questions. The Skeleton. — 1 . What kind of a chair 
back causes one to slide forward in the seat? 2. What fliult in sitting 
is made necessary by using a chair with so large a seat that the front 
edge strikes the occupant behind the 
knee? 3 . Why is the shoulder more 


often dislocated than 
the hip? 4 . 'High pil- 
lows may cause what 
deformity? 5 . Find 
three bones in the 
body not attached to 
other bones. Find 
twenty-five bones at- 
tached to other bones 
by one end only (Figs. 
28 and 39). 6. What 

deformities may result 
from urging a young 
child to stand or walk ? 
7 . Which bone is 
most often broken by 
falling upon the shoul- 
der? 8. Where in 
bones is fat stored for 
Fig. 39.-— The Human Skeleton IN Action. future use? 9 . Liga- 
ments grow very slowly. Why is recovery from a sprain often tedious ? 
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THE MUSCLES 

It has already been stated that there are at least two 
muscles attached to a bone to move it in opposite direc- 
tions. Since there are two hundred and six bones, you 
aVe not surprised to learn that to move the bones and 
accomplish the various purposes just stated, th^'re are 
five hundred and twenty-six (526) skeletal muscles. 

Two Kinds of Muscles. — All muscles are controlled by 
means of the nervous system. Some of them are directed 
by parts of the brain that work consciously; others are 
controlled by the spinal cord and the parts of the brain 
that work unconsciously. Those of the first kind are 
usually controlled by the will, but they sometimes act invol- 
untarily. They are called voluntary muscles. They move 
the bones and are located in the limbs and near the surface 
of the trunk (Fig. 44). The other kind of muscles are 
never conUvlled by the will, and are called involuntary 
muscles. We cannot cause them to act, nor can we prevent 
them from acting. They contract more slowly than the 
voluntary muscles. Most of them are tubular and found 
in the cavity of the trunk. The involuntary muscles belong 
to the internal organs, and relieve the will of the responsi- 
bility and trouble of the activity of these organs ; other- 
wise, the mind would have no time for voluntary actions. 

Gross Structure of Voluntary Muscles. — A beefsteak is 
seen to be chiefly red, although parts of it are white or 
yellowish. The white or yellowish flesh is fat ; the red, 
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Fig. 40. — Muscle Bundles bound to- 
gether by connective tissue sheaths. 


lean flesh is voluntary 
muscle. If a piece of beef 
is thoroughly boileti, it 
may be easily separated 
into bundles the size of 
large cords. These bun- 
dles may, by the use of 
needles, be picked apart 
and separated into thread- 
like fibers (Fig. 40). * 


Microscopic Structure of Muscles. — These threadlike 


fibers may, under a magnifying glass, 
be separated into fine strands called 
fibrils. These last are the true muscle 
cells ; they are shown by the micro- 
scope to be crossed by many dark lines 
(Fig. 48). Hence voluntary muscles are 
called striated or striped muscles. Pro- 
longed boiling and patient picking with 
a needle are needed to dissect muscle, 
because the bundles are held together 
by thin, glistening sheets of connective 
tissue by which they are surrounded. 
This connective tissue surrounds and 



Fig. 41. — Two Mus- 
cle Fibers of 
Heart. 


holds in place the separate fibers of each bundle (Fig. 40). 



Fig, 42. — Involuntary Muscle Cell 5 
(or fibers). 


The fibrils of invol- 
untary muscles are 
spindle - shaped (see 
Fig. 42). There are no 
cross lines on the fibrils ; 
hence involuntary mus- 
cles are called smooth 
or unstriped muscles. 
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The heart fibers are exceptional ; they are the only invol- 
untary muscle fibers that arc striped (Fig. 41). 

Thoi ght Questions. Classificatio*n of Some of the Muscles. — 
Copy the following list and mark / for involuntary and V for voluntary 
after the appropriate muscles. 

Muscles for chewing. Muscles of gullet. Muscles of the heart. 
Muscles that move arms. Muscles for breathing. Muscles in the skin 
that cause the hair to stand on end. Muscles that move eyelids. 
Muscles that contract pupil of eye. Muscles for talking. Muscles 
that contract and expand the arteries (in blushing and turning pale). 
Muscles that move eyeball. Muscles that give expression to the face. 


Tendons. — The connective tissue ivhich binds the fbers of 
miiscles ifito bitndlcSy and forms sheaths for the bundles^ 
extends beyond the ends of the muscles and unites to form 
tough ^ inelastic white cords called tendons. Some muscles 
are without tendons, and are attached directly 10 bones. 
Study the figures and find examples of this (see Figs. 
44, 75). To realize the toughness of tendons, feel the 
tendons under the bent knee or elbow, where they feel 
almost as hard as wires. ^ The tendons save space in places 
where there is not room enough 
for the muscles, and permit the 
bulky muscles to be located where 
they are out of the way. Wher- 
ever the tendons would rise out of 
position when a joint is bent, as 
at the wrist and ankle, they are 
bound down by a ligament. 

Arrangement of Voluntary Mus- 
cles. — Circ2ilar muscles, called 



sphincter muscles, are found around 
the mouth and eyes. Muscles that 


Fig. 43.-" (For blackboard.) 
Biceps relaxed and contracted. 


extend straight along the limb either bend it and are called 


flexors, or straighten it and are called extensors. Most of 
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the voluntary muscles are arranged in pairs and cause 
motion in opposite directions ; they are said to be antago- 
nists, The biceps (Fig. 43) bends the arm. Its antagonist 
is the triceps on the back of the arm. By feeling them 
swell and harden as they shorten, locate on your own 
body the muscles mentioned in Fig. 44. 

How a Muscle grows Stronger; its Blood Supply. — 
Nature has provided that any part of the body shall receive 
more blood when it is working than when it is resting. 
When it works the hardest^ the blood tubes expand the most 
and its blood supply is greatest. So whenever a muscle is 
used a great deal, an unusual amount of material is carried 
to it by the blood, the cells enlarge and multiply, and the 
muscle grows. The walls of the capillaries are so thin that 
the food which is in the blood readily passes from them to 
the muscle. Because of the oxidation taking place, a work- 
ing muscle is warmer than one at rest. By use a muscle 
grows large y Jirniy and of a darker red ; by disuse, it be- 
comes small, flabby, and pale. But if muscles are worked 
too constantly, especially in youth, their cells do not have 
time to assimilate food and oxygen, and their growth is 
stunted. 

Unless the meal has been a very light one, vigorous 
exercise should not be taken after eating, as the blood will 
be drawn from the food tube to the muscles and the secre- 
tion of the digestive fluids will be hindered. Persons 
whose entire circulation is weak may find that light exercise 
after a meal, such as walking slowly, may help circulation 
and digestion. 

Why the Muscles work in Harmony. — When a boy throws 
a stoncy almost every part of the body is concerned in the 
action. His arms, his legs, his eyes, the breathing, the 
beating of the heart, are all modified to assist in the effort 



Illustrated Study of Muscular Function 

Draw a dotted line from each function mentioned on margin to the muscle 
or muscles having that function. 


Bows the head ? 


Straightens the 
elbow? 


Straightens the fingers? 


Swings leg outward? 


Bends the knee? 


Straightens the knee? 


Crosses the leg? 


Straightens toes? 


Draws shoulder back? 


t,ifts the whole arm outward 
and upward? 


Draws who': arm downward 
and forward? 


Bend'- the elbow ? 



Bends the fingers? 


Raises the body on the 
toes? 


Raises toes? 


Fig. 44. — Superficial Muscles affer the Statue of “The Digger 

(Lami). 
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As the boy wills to throw the stone, nerve impulses are 
sent to all the organs that can assist, and they are excited 
to just the amount of action needed. 

The Nerve Impulse and the Contraction. — Each nerve 
that goes to a muscle is composed of many fibers; the 
fibers soon separate and go to all parts of the muscle, 
and each muscle fiber receives its nerve fiber (see Fig. 45). 

In the brain each fiber is 
stimulated at once, and all 
the fibers shorten and thicken 
together. This change is 
spoken of as contraction ; but 
since the muscle does not be- 
come smaller, the word may 
be misleading. When the 
muscle shortens, it thickens 
in proportion and occupies as 
much space as it did when 
relaxed. 

Where does Muscular En- 
ergy come from? — The nerve 
does not furnish the energy 
which the muscle uses when 
contracting. The muscle cells 
have already stored up energy from the food and oxygen 
brought to them by the blood, and the process called oxida- 
tion sets free the energy. Activity of muscle may increase 
the carbon dioxid output fivefold. Mental work has prac- 
tically no effect upon it. 

How a Muscle stays Contracted. — The muscle relaxes at 
once after contraction ; and in order to keep it contracted, 
nerve impulses must be sent in quick succession, causing 
in fact many contractions ; the effect of this is sometimes 
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Fig. 45. — Motor Nerve Fibers, 
ending among fibrils of voluntary 
muscle. Compare with Fig. 48. 
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visible, as the trembling of the muscle. Figure 47 shows 
an easy standing posture. 

What causes Fatigue. — Fatigue or exhaustion is due to 
the using up of the living mateiial in the nerve cells and 
muscle cells by oxidation. Rest is necessary to give cells 
opportunity to repair themselves. Why is it less fatiguing 


to walk for an hour than to 
minutes ? 



Fig. 46.— Improper Position; 
causes spine to curve to side* 
raises one hip and shoulder 
above the other. 


Stand perfectly still for ten 



Fi<;. 47. — Best Position; 
chest is free to expand, 
and weight is easily shifted 
from one foot to other. 


Degeneration of Muscles begins with habitual disuse. 
We dare not furnish a substitute for the work of a muscle, 
if we wish the muscle to remain sound. A belt or a stay 
at the waist will cause the muscles of the trunk to become 
flabby and the abdomen to relax and protrude. 

How Muscular Activity helps the Health. — Life is 
change, stagnation is death. Muscular activity uses up the 
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foody gives a good appetite y and sets the digestive organs to 
work ; it uses up the oxygen and sets the lungs to work ; 
but most of ally every contraction of a muscle helps the blood 
to flow. As a muscle contracts, it presses upon the veins 
and lymphatics, and, by this pressure, forces the blood 

and lymph along (Fig. 
48). In any ordinary 
activity, dozens of mus- 
cles are being used. 
That the effect upon the 
circulation is very pow- 
erful, is shown by the 
rosy skin, deep breath- 
ing, and rapid heart beat. 
The many benefits of an 
active circulation of the 
blood and lymph will 
be discussed in the next 
chapter. See page 67. 

A grave danger from athletics is that of developing the 
muscles, including the heart, to an enormous extent by 
training; then token training ceases the muscles undergo 
fatty degeneration from disuse. Heart disease and other 
diseases may follow. Many athletes die young, killed by 
trying to turn their bodies into mere machines for run- 
ning, boxing, or rowing, instead of living complete lives. 
The athletic ideal is not the highest ideal of health ; gen- 
eral activity, resembling the occupations of hunting and 
farming by which the early race supported itself, is 
best for health. Many kinds of factory work use only 
one set of muscles. The savage did not lead a monoto- 
nous life, and monotony is bad for both muscles and 
nerves. 



Fig. 48, Capillaries <among fibers of 
voluntary (cross striped) muscle. (Peabody.) 
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Advantages of Work and 
Play over Gymnastic Exer- 
cises. — The interest that 
comes fiom doing something 
useful, makes muscular exer- 
tion doubly beneficial to the 
health. The lifting of dumb- 
bells, Indian clubs, and pulley 
weights, and letting them 
down again, tends to become 
very irksome, even though 
done with the knowledge that 
the exercise will benefit tlie 
health. Useful labor and 
games place definite objects in 
view and do not require so 
great an effort of the will nor 
exhaust the nerves so much as 
mere exercise. The interest 
in the work or the game serves 
to arouse all the nerves and 
muscles to work in harmony. 

An Advantage of Gymnas- 
tics over Work and Play. — 
Gymnastics can furnish any 
required variety of exerci.ses 
and can develop exactly the 
muscles that need deifclop'- 
ment and leave those idle that 
have become overdei’eloped by 
doing constantly one kind of 
work or playing continually 
the same game. The deform- 
ity of a flat chest (and round 
shoulders which always ac- 
company it) does not so often 
indicate a weak chest or small 
lungs as it indicates weak or 
relaxed muscles of the back 
and the habit of sitting in a 
relaxed position at work 
(Figs. 49, 50, 51). Gymnas- 




Fio. 50. — CoKKECT Position. 
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tic exercise is not wholly an artificial custom. Cats stretch themselves, 
stretching each leg in succession ; many animals gambol and play. A 
gymnastic drill, taken to music and with large numbers of pupils in 
the drill, is interesting as work or play, and should not be neglected for 
any study, however important. 

Environment of Early Man and Modern Man. — A well-developed 
man of one hundred and fifty pounds weight should have sixty pounds 
of muscles. The proportion is often different in the puny bodies of the 
average civilized men, such as clerks, merchants, lawyers, and other 
men with sedentary occupations ; their bodies are as likely to be lean 
and scrawny or fat and flabby as to be correctly proportioned. Why 
does a normal man have sixty pounds of muscles instead of twenty 
pounds of puny strings such as would have sufficed for a clerk, student, 
or a writer? This is because, in his native condition, he had to seek 
his food by roaming through the forest, contending with wild beasts 
or with other savage men, often traveling many miles a day, climbing 
trees, etc. 

Too Rapid Change of Environment ; Destructive Tendencies of Civil- 
ization. — It is impossible for the human body to change greatly in a few 
hundred years. The body of man served him for many ages for the 
manner of life outlined above. It was suited for these conditions, and 
the muscles and the organs that support them cannot accommodate 
themselves to changed conditions in a few generations. It has only 
been a few hundred years since the ancestors of the Britons and Ger- 
mans, for instance, were running wild in the German forests, clad in the 
skins of wild beasts. Yet civilized 7nan lets his ffiuscles fall into disuse, 
he takes a trolley car or horse vehicle to go half a mile, an elevator to 
climb to the height of thirty feet. He neglects all his muscles except 
those that move the tongue and the fingers of the right hand. He 
never makes enough exertion to cause him to draw a deep breath, and 
his lungs contract and shrivel. He seldom looks at anything farther 
than a few inches from his nose, and his eyes become weak. At the 
same time that he neglects his muscles and his lungs, he overworks his 
brain and his stomach ; yet he expects his body to undergo the rapid 
changes to suit the demands of his life. Such rapid changes in the 
human race are impossible. A man that does not see that sotind health 
is the most valuable thing in the world, except a clear conscience, is in 
danger both of wrecking his own happiness and of failing m his duty 
to others. 

Thought Questions. Shoes. — 1. What the faults of shoes may 
be in size ; shape; sole; heel; toe; instep. 2. Name deformities re- 
sulting to skin of foot ; nails ; joints ; arch ; ankle ; spine. 3. State effects 
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of uncomfoUable shoes on muscular activity; mind and disposition. 
4 . State effect of aversion to walking on muscles ; circulation 5 . li 
a shoe is too Icose, it slips up and down at the heel and chafes the skin 
there ; K too tight, there is pres- 


sure on the toes, which causes a 
corn or ingrowing nail. Have 
your shoes been correct, or have 
they been too loose or too tight? 
According to this test, what pro- 
portion of people wear shoes that 
are too tight? 6. How many 



Fig. 52. — Arcu of Foot. It forms an 
elastic spring. 


sprained ankles have you known among boys; girls? 7 . Why is it 
that people who grow up in warm climates have high, arched insteps, 
and short, broad, elastic feet, but people of the same race who pass their 


childhood in cold climates often have long narri>w feet witli low arches 


and sometimes havc'the deformity called ‘‘flat foot”? 


Instinct as a Guide for using the Muscles. — The instinctive feeling 
called faiif^ue tells us when to rest. There is also a restless^ uneasy 
feeling that comes over a normal htunan being when confinonent and 
restraint of the tnuscles have reached an unhealthy limit. This feeling 
should not be repressed for long at a time. Many, ruled by avarice, 
ambition, interest in sedentary work, a silly notion of respectability, or 
a false conception of duty, have repressed this feeling and have lost 
it. There is then a feeling of languor, and a disinclination to the very 
activity which health demands. An unheeded instinct is as useless as 
an alarm clock that has been habitually disregarded. 

Exercise and Climate. — In our warmest states and in the tropics, 
one hour’s vigorous physical labor a day, combined with the ordinary 
activities of life, will keep a person in good condition. In the colder 
states, muscular exertion for several hours is needed daily. 

Complete Living. — Numberless people have devoted themselves to 
an intellectual occupation, and planned to keep their bodies sound by 
gymnastics and special exercises. Because of the monotony of exer- 
cises, they are soon given up in nearly every instance. The safest way 
is never to allow all the energies to be devoted to a onesided occupation^ 
but so to plan one'^s life and work that a part of the time is devoted to 
some physical work, whether it be in a garden, workshop, or orchard ; 
in walking a long distance to the office; at bookbinding, cooking, wood 
carving, or any one of various other useful occupations. The result of 
manual training shows that not only strength of body, but strength of 
mind, is promoted by physicahlahor. Problems of war and of the chase 
kept active both the body and mind of the savage. Hence he led 
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a more nearly complete life than his civilized descendants, and his body 
was strong accordingly. We should admit the hopelessness of having 
permanent good health without muscular activity and should determine 
that muscular exertion shall be as much a habit and pleasure as eating 
and sleeping. 

Alcohol and Muscular Strength. — Benjamin Franklin, one of the 
wisest and greatest of Americans, was a printer when he was a young 
man. In his autobiography he gives an account of his experience as a 
printer in London. He says: drank only water; the other work- 

men, fifteen in number, were great drinkers of beer. On occasion I 
carried up and down stairs a large form of types in each hand, when 
others carried but one in both hands. They wondered to see, from this 
and several instances, that the Water-American, as they called me, was 
stronger than themselves, who drank strong beer. My companion at 
the press drank every day a pint before breakfast, a pint at breakfast 
with his bread and cheese, a pint between breakfast and dinner, a pint at 
dinner, a pint in the afternoon about 6 o’clock, and another when he had 
done his day’s work. I thought it a detestable custom, but it was neces- 
sary, he supposed, to drink strong beer that he might be strong to labor.” 

Exercises in Writing. — The Right and the Wrong Way to ride 
a Bicycle. Pay Day at a Factory. A Graceful Form : how Acquired ; 
how Lost. A Drinking Engineer and a Railway Wreck. 

Practical QuEvSTIONS. — 1. Can we always control the voluntary 
muscles? Do we shiver with the voluntary or involuntary muscles? 
2. If a man had absolute control over his muscles of respiration, 
what might he do that he cannot now do? 3. Why is one who uses 
alcoholic drinks not likely to be a good marksman ? 4. Why should a 

youth who wishes to excel in athletic contests abstain from the use 
of tobacco? 5. Is there any relation between the amount of bodily 
exertion necessary for a person’s health and the amount of wealth or 
the amount of intelligence he possesses? 6 . Can you relax the chewing 
muscles so that the lower jaw will swing loosely when the head is 
shaken ? Can you relax your arm so that it falls like a rope if another 
person raises it and Jets it fall? 7. The average man has sixty pounds 
of muscle and two pounds of brain ; one half of the blood goes through 
the muscles and less than one fifth goes through the brain. What 
inference may you draw as to the kind of life we should lead? 8 . Why 
is a slow walk of little value as exercise? 9. How can we best prove 
that we have admiration and respect for our wonderful bodies? 
10. Why is the ability to relax the muscles thoroughly of great benefit 
to the health? How is this ability tested (Question 6.) 11. Why is 

it as correct to say that the muscles support the skeleton as the reverse ? 
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THE CIRCULATION 

Experiment i. Anatomy of Mammalian Heart. — Get a sheep’s 
or beef’s heart from the butche- . Get the whole heart, not simply the 
ventricles (as usually sold). Note the blood v^essels, four chambers, 
thickness of different walls, valves, cords, openings. 

Experiment 2. Does Gravity affect the Blood Flow? — Hold the 
right hand above the head for a few minutes. At the same urne let the 
left hand hang straight down. Then bring the hands together and see 
which is of a darker red because of containing more blood. Now re- 
verse the position of the hands for a few minutes, and fin<l whether the 
effect is reversed. (Entire class.) 

Experiment'}^, Study of Human Blood. — Examine a drop of blood 
under the microscope, first diluting it with a little saliva. See Fig 60. 

Experiment 4. The Circulation in a Frog. — Wrap a small frog in a 
moist cloth, lay on a slip of glass, place under the microscope, and 
study the circulation in the web of its foot. 

Experiment 5. (Entire class.) Effect of Exercise upon the Pulse. — 
Tap a bell as the second hand of a watch begins a minute and let the 
pupils count the pulse at the radial artery on the wrist above base of 
thumb. Repeat standing, or after gymnastics or recess. Result? 

Experiment 6. The Action of the Valves in the Veins. — Place the 
tip of the middle finger on one of the large veins of the wrist ; with 
the forefinger then stroke the vein toward the elbow so as to push the 
blood from a portion of ic, keeping both fingers in place. The vein 
remains empty between the fingers. Lift the fini(cr nearer the heart 
and no blood enters the vein ; there is a valve above which holds it back. 
JJft the other finger and the vein fills instantly. Stroke a vein toward 
the hand, and notice that the the veins swell up into little knots where 
the valves are. Stroke in the reverse direction. Result? 

Experiment 7. Finding the Capillary Pressure. This is found by 
pressing a glass plate or tumbler upon a red part of the skin. When 
the skin becomes pale the capillary pressure is counterbalanced. 

Experiment 8. Emergency Drill. — Let one pupil come forward, mark 
with blue chalk or pencil the position on his arm of a supposedly cut 
vein. Let another pupil use means to stop the imagined blood flow. 

SI 
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Experiment 9. Let another pupil stop the flow from an imaginary cut 
artery marked red. See text. Experiment 10. In a case of nose bleed 
do not let pupil lean over a bowl. (Why?) Cause him to stand 
rather than lie. (Why? See Exp. 2.) Apply cold water to contract 
arteries to nose, also have pupil hold a small roll of paper or a coin 
under upper lip (to make muscular pressure on arteries to nose). 
Experiment ii. Let one pupil treat another for a bruise (see p. 62). 
Experiment 12. Emergency drill, restoration from fainting (see p. 57). 

The Cells have a Liquid Home. — The cells in the body of man, like 
the ameba, live in a watery liquid. This liquid is called lymph. The 
cells cannot move about as the ameba does to obtain food, so the 
blood brings the food near them and it soaks through the blood tubes 
into the lymph spaces next to the cells (see colored Fig. 3). The 
ameba gives off waste material into the water ; the cells of the body 
give it off into the lymph to be carried off by the circulation. The 
blood, then, has two functions: (i) to take nourishment to the tissues ; 
(2) to take away waste material from them. 

The Organs of Circulation. — These are the heart, which 
the arteries, which take blood away 
from the heart ; the veins, which take 
the blood back to the heart; and the 
capillaries (Fig. 53), which take the 
blood from the arteries to the veins. 

The heart is a cone-shaped organ 
about the size of its owner’s fist. It 
lies in a diagonal position behind the 
breastbone, with the small end of the 
cone extending toward the left. The 
smaller end (Exp. i) taps or beats 
against the chest wall at a point be- 
tween the fifth and sixth ribs on the left side. The 
breastbone and ribs protect it from blows. An inclosing 
membrane called the pericardium secretes a serous fluid 
and lessens the friction from its beating. 

Why the Heart is Double. — There must be a pump to move 
the impure blood from the body to the lungs to get oxygen 


propels the blood ; 



Fig. 53. — Capillaries, 
connecting artery {b') 
with vein (a). 
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from the air, and there must be another pump to send tht 
pure blood fro 7 n the hmgs back to the body. Hence thSft 
are two pumps bound together into one heart, beating at 
the same time like two men k^^eping step, or like two car- 
penters keeping time with their hammers. There are 
valves in the heart, as in other pumps. These valves are 
so arranged that when any part of the heart contracts and 
forces the blood onward, ihe blood cannot return after that 
part of the heart relaxes. Are the pumps placed one 
behind the other Or is one above the other.? Neither; 
they are side by side, with a 
fleshy partition between them 
(Fig. 54). The pump on the ^ 
right moves the impure blood 
from the body to the 
lungs, and the one on the 
left moves the pure blood 
from the lungs to the body. 

There is no direct connection 
between the right and left sides 
of the heart. 

To trace one complete circuit 

of the blood (Fig. 54), let us 

begin with the blood (in the 

capillaries of the outer tissues, 

, 11. 1 Fid. 154 . -- Diagram of Heart, 

such as the skin or muscles. 

Notice the two dark spots in the right 

The blood goes through small auride, and four dark sp<ts in left 

veins which unite into hvo , he ,„r.a pa»s u, iron, of, or behind, 

large veins, through which it the pulmonary artery? 

enters the receiving chamber, or right auricle, goes through 
the tricuspid valve into the expelling chamber, or right 
ventricle, then through a semilunar valve into the pulmo- 
nary artery leading to the lungs. Becoming purified while 
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passing through the capillaries of the lungs, the blood goes 
through the pulmonary veins to the left auricle (Fig. 54), 
then through the bicuspid or mitral valve, to the left ventri- 
cle, whence it is forced through a scmilimar valve into the 
largest artery of the body, called great aorta (Fig, 54). 
Thence it goes to the smaller arteries, and then to the capil- 
laries of the tissues in general, thus completing the circuit- 




Fig. 55. — The Left Side of Heart (plan), showing the left ventricle at the mo- 
ment when relaxing and receiving the blood from the auricle; and the same at 
the beginning of contraction to send blood into aorta. Notice action of the valve. 

Structure of Veins and Arteries. — Seen under the micro- 
scope the arteries and veins show that they are made of 
three kinds of tissues arranged in three coats (Fig. 56) : a 
tissue resembling epithelial tissue (Chap. I), as a lining 
to lessen friction ; an outer connective tissue (Chap. I), to 
give elasticity ; and a middle coat of muscular tissue to 
enable the vessels to change in size. Let us see why blood 
vessels must have these three properties } 

Why the Blood Vessels must be Elastic. — The aorta and its branches 
are always full of blood. When the left ventricle with its strong, mus- 
cular walls contracts, the blood in the aorta and small blood tubes can- 
not move forward fast enough to make room for the new supply so 
suddenly sent out of the ventricle. Where can this blood go ? If a 
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cup is full, it cannot become more full ; not so with an artery. The 
elastic connective tissue allows It to expand as a rubber hose does 
under pressure. The first part of the aorta having expanded to receive 
the incoming blood, the stretched walls contract because of the elas- 
ticity of the outer connective tissue coat and force blood into the por- 
tion of the aorta jnst ahead^ forcing it to expand in turn. Thus a wave 
of expansion travels along the arteries. This wave is called the pulse. 

The Pulse may be most easily felt in the wrists and neck. As the 
artery stretches and springs back, one beat of the pulse is felt. In men 
there are about seventy heart btufs or 
pulse beats a minute. In women the 
rate is abtmt eighty a minute. It is 
slowest when one is lying down, faster 
while sitting, still faster when stand- 
ing, and fastest of all during running or 
violent exercise. (Exp. 5.) It should 
not be thought that the muscular <^r 
middle layer of the artery actively con- 
tracts and helps to send along the pulse 
wave ; for this wave is simply the pas- 
sive stretching and contracting of the 
outer connective coat, and travels like 
a wave crossing a pond when a stone 
is dropped into the water. The force 
of the pulse is furnished, not by the 
muscle fibers in the artery, but by the 
beat of the heart; the outer, or con- 
nective tissue, coat enables the pulse 
to travel. Why must there be a mid- 



dle, or muscular, coat for variation in Vic,. 56 . — Section of Artery, 
gjjje? yf, AND Vein, E, showing inner 

Use of the Middle Coat ; Quantity of " (endothelial) ; middle 

Blood and Its Distribution. -The bo^ (connective tissue), 

of an _^ult contai ns about five quart^ 

(^EToq^ . The blood furnishes the nourishment needed for the activity 
of each organ. The more vigorous the work of any organ, the greater 
is the amount of blood needed. The whole amount of blood in the body 


cannot be suddenly increased., but the muscular coat of the arteries going 


to the working organ relaxes^ a7id allows the arteries to become enlarged 
by the pressure from the heart. Consequently, more blood goes to the 
active organ, and the other organs get along with less blood for the time. 
When we are studying, our brains get more blood; when running, the 
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leg muscles get more ; after a hearty dinner, the stomach and intestines 
get more than any other part of the body. Why is it difficult to do the 

best studying and digest a meal at the 
same time.^ We see that the muscu- 
lar coat of the arteries is a very useful 
coat, for it enables the supply of blood 
to be increased in any organ which is 
in temporary need of it. 

Why the Blood Vessels must be 
Smooth. — The inner coat of the heart 
and other blood vessels is made of 
tissue like the epithelial tissue which 
forms the epidermis and the smooth 
lining of the mouth and other organs. 
The purpose of this lining is to lessen 
friction^ and thus save the work of 
the heart. The friction is greatest in 
the capillaries because of their small 
size. The inner coat of smooth cells 
is the only coat that is prolonged to 
form the capillaries (see Fig. 57). 



Fig. 57. — Capilcaries Magni- 
fied, SHOWING Cells forming 
their walls. Notice that each cell 
has a nucleus anil three branches. 


The capillaries arc small, thin, short, and very numerous. 
They arc very small so that they may go in between the 
cells of the tissues. The capillaries are vc7y thin so that 
the nourishment from the blood may pass readily into the 
tissues, and the waste material pass readily into the blood. 
They are very short so that the friction may be less ; and 
they aj'e vety mtineivns so that all parts of the tissues may 
be supplied with blood, and that the blood may flow very 
slowly through them. Because of the number of the cap- 
illaries, their total volume is several hundred times larger 
than the volume of the arteries that empty into them, or 
of the veins that flow from them. Hence the blood 
flows slowly through the capillaries, as water flows slowly 
through a lake along the course of a river. All the 
changes between the blood and the lungs, and between 
the blood and the tissues, take place in the capillaries, and 



THE CTRCULATION 


S7 


the object of the other parts of the circulation is merely 
to move the blood continually through the capillaries. 

The effect of gravity is to retard tae flow in certain parts of the 
body and aid the flow in other parts, according to the position of the 
body (Exp. 2 ). 

Fainting is usually due to lack of blood in the brain^ which in turn results 
froni a weakening of the heart beat. Since the brain cannot work with- 
out fresh blood, fainting is accompanied by uiiconsciousness. Recov- 
ery from fainting is aided by loosening the clothing at the neck and by 
placing the head of the patient a little lower than the body so that the 
weight of the blood may aid the flow to the brain. Dashing a little 
cold water in the face shocks the nerves and arouses the heart to 
stronger beats. 


The veins have valves placed frequently along 
course (Fig. 58). These valves are pockets made 
fold in the inner coat of the wall 
of the vein. When a boy places 
his hand in his pocket, the pocket 
swells out; but if he rubs his hand 
on the outside of the pocket from 
the bottom toward the top, it flat- 
tens down. So with the action of 
the blood upon the valves in the 
veins. (Repeat Exp. 6 in clas.s.) 


I 
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-Vai.vfs in Veins. 


How Muscular Exercise aids the Heart. 

— When a 7nuscle contraefs^'M hardens and 
pre.sses upon a vein which goes through 
the muscle, and the blood is pressed out of the vein (see F'ig. 58 ). The 
blood cannot go toward the capillaries, for the valves fill and close when 
it starts that way ; so it must all go out toward the heart. Whe7i the 
77iuscle relaxes^ the blood that has been pressed forward cannot go back 
because of the valves, but the valves nearer the capillaries open, and the 
veins are filled fro77i the capillaries (Fig. 53 ). When the muscle con- 
tracts again, the same effect on the blood movement is repeated. Wc see, 
therefore, that every contracting muscle converts into a pump the vein 
running through it, and when a person works or exercises, many little 
pumps are working all over the body, aiding the heart in its function. 
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This aid makes the blood flow faster and relieves the heart of part of 
its work, so that it beats faster, just as a horse might trot faster if 
another horse helped to draw the load (Exp. 3). The pressure of a 
contracting muscle upon an artery does not aid the blood flow in the 
artery because the latter is destitute of valves. 

How Breathing aids the Heart. — Breathing is a blood-pumping pro- 
cess as well as an air-renewing process. When the chest expands, 
blood IS drawn into it. When the chest con- 
tracts. the flow of blood away from it is aided. 
As the chest expands, the downward pressure 
of a great, broad muscle, the diaphragm (Fig. 
74) compresses the liver, stomach, and other ab- 
dominal organs, and forces the venous blood up- 
ward into the expanding chest, thus helping it 
on its way to the heart. But if the abdominal 
wall is weakened- by tight lacing or by the pres- 
sure of belts and bands which support the cloth- 
ing, the weak abdominal wall yields to the 
downward pressure of the diaphragm, and no 
compression of the liver or aid to the circulation 
will result 

How the Blood Vessels are Controlled. — Evi- 
dently the biood vessels are not regulated by the 
will. We cannot voluntarily increase the beat- 
ing of the heart, or cause it to slacken its action. Even an actor cannot 
cause his face to turn pale or to blush at will. This is because the 
tiny muscles in the walls of the blood vessels are involuntary muscles. 
They are controlled by nerves of the sympathetic system called vaso- 
motors. They are not subject to the will (see Fig. 25). The nerve cen- 
ter which controls the biood vessels is located in the top of the spinal 
cord at the base of the brain. When cold air strikes the skin the 
nerves near the arteries are stimulated, the arteries in the skin contract, 
and the skin turns white. When the heat from a hot fire strikes the 
skin, the nerves are soothed, the arteries relax, and the face becomes 
red. When the stomach is filled with food, the heart beats faster 
and sends more biood to aid in digestion. When we run fast, the 
heart beats fast to supply more blood to the muscles, but it slows down 
as sleep comes on, that the body and brain may rest. 

Parts of the Blood. — The blood which flows from a cut 
finger seems to be a bright red throughout. When a drop 
of it is looked at through a microscope, however, the 



Fig. 59. — The Ven- 
tricles OF A 
I) O G ’ S II K A R r 
relaxed (above), 
and contracted (be- 
low). 
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liquid itself is seen to be almost as clear as water. This 
liquid is ca)led the plasma. Floating in it are millions of 
biconcave disks contain- 
ing a pigment (hemo- 
globin) which gives the 
red color to the blood. 

The disks are called red 
corpuscles (Fig. 6o). A 
few irregularly shaped 
bodies, nucleated and 
almost transparent, and 
called white corpuscles^ 
are also found in the 
blood. The red corpus- 
cles go only where the 
plasma carries * them 
(Exps. 3, 4). The white 
corpuscles sometimes leave the blood vessels entirely. 

At times one may be seen shaped like a 
dumb-bell, half of it through the wall of 
the blood vessel and half still in the 
blood vessel. After the corpuscle is 
out, no hole can be found to account 
for its mysterious passage. The white 
corpuscles consist of protoplasm. The 
red corpuscles contain no protoplasm. 
Hence the latter are not really alive. 

The Use of Each Part of the Blood. — 
The plasma keeps the blood in a liquid 
state, so that it may flow readily ; the 
plasma also transports the food that has 
been eaten and digested, and carries carbon dioxid to the 
lungs and other waste material to the kidneys. The red 


t • 
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Fig. 6i. — Side ano 
Front Views of 
Frog’s AND Man’s 
Red Cortuscles, 
drawn to same 
scale. Compare 
outline, concavity, 
diameters. 



Fig. 60. — Human Blood Cells (magni- 
fied 40,000 areas), showing many red cells 
and a single white blood cell on left, larger 
than red cells. ( Peabody.) 
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corpuscles transport the oxygen from the lungs to the tis- 
sues. The white corpuscles devour and destroy irritating 
particles, such as drugs, poisons, and germs. They are of 
great importance in purifying the blood and as a protec- 
tion against disease. One is shown in Fig. 6o. 

The sounds of the heart beat may be heard by applying 
the ear to the chest. They are two, a long^ dull sound and 
a shorty clear one. The first comes from the vibration of 
the bicuspid valve together with an unexplained tone aris- 
ing from large contracting muscles, in this case the walls 
of the ventricles. The second, or short, clear sound, is 
produced by the sudden closing and vibration of the semi- 
lunar valves. 

Changes in the Composition of the Blood as it passes 
through the Various Organs. — When the blood is forced 
out by the heart, part of it goes to the stomach and 
intestines through arteries which divide into capillaries. 
These capillaries absorb all kinds of food from the ali- 
mentary canal except the fats (see p. 64), and unite to 
form the portal vein, which takes the absorbed food to the 
liver. In the liver some of the impurities of the blood are 
burned up and changed into bile. The blood, purified and 
laden with food, is carried from the liver to the heart, where 
it reenters the general blood stream. The blood flow from 
the food tube through portal vein and liver to the heart, as 
just described, is called the Portal circulation. 

Renal circulation* Two branches from the aorta carry 
blood to the kidneys. There the tirea and a large amount 
of water are taken out, and the purified blood is emptied 
into the large vein that leads up to the heart. 

Ptdmonary circulation (Fig. 67). This is the circulation 
through the lungs. During this circulation carbon dioxid 
gas is removed from the blood and oxygen is added to it. 
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Some impurities and a large amount of water escape 
from the blood as it passes through the skin. 

Coagulation. — So long as blood is in an uninjured blood 
vessel it remains a liquid. In a few minutes after it flows 
from a blood vessel, it forms into a 
stiff, jelly like mass called a clot (Fig. 

62). The process of forming the clot 
is called coagulation, and it is brought 
about by the albuminous substance 
called fibrin, which is always in the 
plasma of healthy blood. On expos- 
ure to air the jibrin forms into a net- fig. 62. — Bi-oon Clot 
work of fine threads throughout the separatee! from serum. 

mass (Fig. 63) and the corpuscles become entangled in the 
meshes. The clot consists of the fibrin of the plasma and 
corpuscles ; the watery portion of the plasma, called the 
serunii separates from the clot (Fig. 62). The property of 

coagulating is a great safe- 
guard, as a clot often plugs 
up a cut blood vessel. What 
is the difference between se- 
rum and plasma.^ 

Veins and Arteries com- 
pared. — The veins have thin^ 
soft walls and the arteries 
have thicks toughs elastic walls. 
When a vein is cut, it may 
Fig. 63. -Network of Fibrin in usually be closed by pinching 
HUMAN blood (enlarged). the walls of the end together. 

If an artery is cut, the zvalls will not readily stick together^ 
but often stand open until the end of the artery is tied. 
For this reason, and because an artery is subject to the 
direct pressure of the heart, a cut artery is more dangerous 
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to life than a cut vein. Because of the toughness of the 
arteries, and because they are located close to the bones^ 
they are less likely to be cut than the veins, which are 
softer and nearer the surface. The veins begin in capil- 
laries and empty into the auricles ; the arteries begin at the 
ventricles and empty into capillaries ; and there is a semi- 
lunar valve at the origin of each artery. 

Cuts and Bruises. — i. Wash a cut under running water. 
2. Stop the bleeding^ The washing in cold water may do 
this. Elevating an injured arm or leg will aid the blood 
greatly in forming a clot at the opening. 3. Bandage 
firmly with a strip of cloth and sew the end. Keep wet 
the part of the bandage where the cut is ; this lowers the 
temperature of the wound. It may be necessary to hold 
a gaping wound closed with strips of surgeon’s plaster 
placed across the cut A handkerchief folded first 
into a triangle and then into a narrow bandage is often 
useful. A cut artery may be known from a cut vein by 
the brighter color of the blood, and by the flow being 
stronger at each heart beat, while the flow from a vein is 
uniform. Pressure to stop the flow of blood from an 
artery should be applied between the cut and the heart ; 
but when the blood comes from a vein, the pressure should 
be applied to the side of the cut farthest from the heart. 

Apply hot water immediately for several minutes to a 
bruise. Either a bruise or a cut may be washed with a weak 
solution of some antiseptic such as carbolic acid. After 
washing a bruise it may be bound with a cloth soaked in 
witch hazel or arnica. 

The Lymphatic System 

This system contains and conveys a liquid called 
the lymph. It consists of lymph spaces, lymph tubes, 
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(lymphatics), and lymphatic glands. Lymph corresponds 
nearly to the blood without the fed corpuscles. It is the 
familiar liquid seen in a blister, or oozing out where the 
skin has been grazed without breaking a blood vessel. 

Necessity for Lymph and Lymph Spaces. — The body 
cannot be nourished with the albumin, sugar, oxygen, and 
other digested food in the blood, until this food passes out 
of the blood vessels. The food leaves the blood through 
the thin walls of the capillaries. Many of the cells do not 
touch the capillaries, and the lymph penetrates the spaces 
between the cells to reach them (see colored Fig. 3). If 
there were no lymph spaces, these cells could not get any 
food. The lymph bathes the cells, and the cells absorb 
what they want from the nourishing fluid. The red corpus- 
cles bearing the oxygen cannot pass through the capillary 
walls. Oxygen, being a gas, readily passes through the 
walls and reaches the cells through the lymph in the 
lymph spaces. The waste materials must go back into the 
blood; carbon dioxid passes back through the capillary 
walls and is taken to the lungs; how the other waste 
materials formed in the cells pass back will soon be 
explained. 

Need of Lymphatics. — The plasma continually passes 
into the tissues^ but it cannot retm'n directly into the blood. 
The lymph contains waste material which must be 
removed, and also much unused food which nature, like an 
economical housekeeper, will offer to the tissues again. 
There are vessels called lymphatics that take the lymph back 
into the blood (see Fig. 64). 

The Lymphatic Circulation (Fig. 64). — Ihe blood flow does not 
begin nor end, but makes a never ending circle. The countlests 
lytnphatics begin,, with open ends,, in the tymph spaces between the cells 
(colored Fig. 3). The smaller lymphatics unite into larger ones until 
finally they all unite into two large ones that empty into the large veins 
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under the collar bones, near the neck. The one that empties under the 
left collar bone (3, Fig. 66) is called the thoracic duct because it goes 



up through the thorax just in front of the spinal column (i. Fig. 66). 
The other at the right side of the neck is called the ?'/g/it lymphatic 
duct (see Figs. 64, 65). 

In persons with the dropsy^ the lymph accumulates in the lymph 
spaces and is not drained away by the lymph flow. Dropsy usually 
shows itself first by swelling of the feet and 
the leg below the knee. (Why ? See Exp. 2.) 

There is a set of lymphatics called lactealsy 
situated in the abdomen, which have the func- 
tion of absorbing digested fats from the intes- 
tine (Figs. 66, 100, and colored figure 2). 

What makes the Lymph Flow ? — The heart 
does not, for its pressure is not transmitted be- 
yond the blood tubes. The successive pressures 
of a working muscle move the lymph forward 
in the lymphatics in the same way that the blood 
is moved forward in the veins, and the valves 
keep it from moving back. When riding a trot- 
ting horse, or in a jolting vehicle, the lymph is 
moved beyond the valves at every jolt (Fig. 
64). Without exercise the lymph stagnates, 
and the body becomes poisoned by its own 
wastes. At every expansion of the lungs lymph 
is drawn into the chest ; and it is forced out of the chest at every con- 
traction. Deep breathing is as great a benefit to the body in moving 
stagnant lymph as it is in purifying the blood. 



Fig. 65, — Diagram to 
SHOW THE Two 
Parts of the Body 

DRAINED BY THE 

Two Lymfh Ducts. 
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The lymphatic glands are kernel-like enlargements 
along the lymphatics, anH they contain a great many 
lympl. cells which purify the ly.nph as it passes through 



Fig. 66. — Chief Lymphatic Vessels and Glands of trunks 

I, 3, Thoracic duct (emptying at 3) ; 2, receptacle for chyle (lacteals below it). 

them. The lymphatic glands are numerous in the armpits 
and the groins. The cells in the lymph glands multi- 
ply, and some of them are carried by the lymph into 
the blood to become those remarkable little bodies^ the 
white corpuscles. 
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Hygiene of the Circulation 

Effects of Work, Fresh Air, and Rest on Corpuscles and 
Plasma. — Work uses up the nutritious elements in the 
blood. A few hours after food is eaten the nutritious ma- 
terials in the blood are found to be increased. By the 
breathing of fresh air the carbon dioxid in the plasma is 
diminished and the oxygen in the colored corpuscles is in- 
creased, changing the blood to a brighter red. Sleep gives 
time for the exhausted cells and depleted blood to be re- 
plenished. Loss of sleep means longer hours of activity 
and greater consumption of nutriment with shorter hours 
for replacing the nutriment. The pale skin of one who has 
lost sleep tells of the exhausted condition of the blood. 

How the Muscles help the Circulation. — The imperative 
need of muscular exercise to keep the body sound exists 
because of the lack of other means to cause movement in 
the veins and lymphatics. Good food, pure air, and plenty 
of exercise are necessary for healthy blood. Many so- 
called ‘‘ blood purifiers ” are advertised to entrap the 
ignorant. It is impossible to imagine how “blood puri- 
fiers ” can aid the blood. The blood is purified^ not by 
putting anything into the bloody but by something going out 
of it as it passes through the skin, kidneys, liver, and lungs. 
These organs all send out impurities brought to them by 
the blood. 

The one great hygienic effect of muscular exercise is an 

active circulation, and from an active circulation nine chief 
effects may be traced. The effects upon the body will be 
given in order, beginning with the surface — skin, fat, 
muscles, bones ; and the effects upon the internal organs 
are given in order of position, beginning with the highest 
— brain, lungs, heart, digestive organs. 
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Effects of Exercise and Improved Circulation. — i. The 

skin is made fresh, pink, ?nd smooth from the flushing of * 
the capillaries; it is purified b) the perspiration and the 
renewal of cells. 2. If the fat is too great in amount, it is 
burned up ; if it is too small in amount, the better nourish- 
ment brought by the blood increases it. 3. The muscles 
are better fed (see Fig. 48) and grow firm, strong, and 
large. 4. The skeleton is held in proper position by the 
stronger muscles, and deformity is prevented. 5. The 
brain. The pure, fresh blood, leaded w^’th oxygen from 
expanded lungs, flushes every capillary of the biain, clears 
the mind, and doubles or trebles its power to work. 
6. The lungs are expanded by deep breathing if the exer- 
cise be rapid and vigorous. A slow stroll or saunter is not 
of value. 7. The circulation. Every contracting muscle 
aids the heart in its work. The deep breathing moves 
stagnant lymph. 8. The stomach. Exercise burns up the 
food and increases the appetite. 9. General effects. Ex- 
ercise promotes good humor, decreases loafing, cigarette 
smoking, gossiping, and other vices. 

The effect of tobacco on the heart, if cigarettes or 
cigars are used, is sometimes to cause attacks of irregular 
beating ; the heart flutters faintly for a while, then palpi- 
tates strongly, then flutters again. This condition is called 
tobacco heart, or trotting heart. 

Effect of Alcohol upon the Circulation. — After a person 
has taken an alcoholic drink his face and skin are likely to 
become flushed, and perhaps his heart. beats faster. Most 
investigators have found that the alcohol itself does not 
directly increase or strengthen the action of the heart. 
Hence it is probably wrong to call alcohol a heart stimu- 
lant. The flushing of the skin is believed to be due to the 
relaxing effect of alcohol. It relaxes, it paralyzes, the 
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vasomotor nerves which control the little muscle fibers 
in the walls of the blood vessels. The relaxing and 
enlarging of the blood vessels decreases the resistance to 
the blood flow, and the heart beats faster under its lighter 
load. The narcotic effect of alcohol is much more power- 
ful than its irritating or stimulating effect. The effect 
of alcohol in causing fatty degeneration of the muscles 
often weakens the heart and other blood vessels. 

Climate and Brain Work. — In going to sleep the vessels in the skin 
dilate and blood is drawn from the brain to the skin. It is difficult to 
go to sleep when cold, for cold sends the blood to the brain and keeps 
the mind active. On the same principle, mental work is difficult in very 
warm weather because of the enlarged capillaries in the skin and the 
withdrawal of blood from the brain to the skin. This increases the 
perspiration and keeps the temperature of the body down to normal, but 
it deprives the brain of blood needed for good mental work. Mental 
workers in warm weather and in warm climates should seek every con^ 
dition favoring coolness. Benjamin Franklin was accustomed to strip 
himself almost entirely of clothing when he was writing and wanted his 
brain to work at its best. The wearing of barefoot sandals and the thin- 
nest cotton clothiffg, light in color^ helps to prevent mental inertia in hot 
weather. In the Gulf states in summer and in our tropical islands the 
best mental work can be done by rising at dawn and working before 
the hot part of the day begins. Some of the greatest thinkers in the 
world have lived in warm climates (Greece and India), but they wore 
very few clothes and ate moderately of the simplest food (see p. 44) . 

Congestion is a swelling of the blood vessels of some part, with the 
accumulation of blood therein. Congestion is active when a rapid flow 
of blood distends the capillaries. Example, flushing of face when 
running. Congestion is passive when there is a narrowing of the out- 
let of the capillaries, the blood moves slowly and partly stagnates in the 
swollen vessels. Example, when the nose feels stopped up during a 
cold. If a syringe is worked so fast that the rubber tube swells, this is 
like active congestion ; if the end of the tube is pinched together so 
that moderate primping causes it to swell, this is like passive con- 
gestion. 

Inflammation is congestion where the vessels of any part are strained 
Sind injured. White corpuscles collect there to repair the vessels and 
lievour the blood that escapes and stagnates there. They also destroy 
, l^erms that have usually found lodgment and begun to multiply. The 
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serum of the blood also destroys the germs by the antitoxins in it. 
Inflammato’*y troubles are : cofds, rheumatism, diarrhoea, and all dis** 
eases with name ending An inflamed part is red, swollen, hot, 

and painful. 

Prevention and Care of Colds. — A cold is an inflammation of a 
mucous mefhbrane. Colds are prevented by so living as to encourage 
*6. free, vigorous circulation^ and especially by not coddling the body so 
tenderly that the circulation becomes deranged by the least exposure. 
The circulation may be deranged by ovcrheathtg as well as by chilling 
the body ; usually it would be more appropriate to say that the person 
caught a hot ” than “ a cold."* At the first sign of a cold vigorous 
exercise, a cold bath, or going outdoors into cold air may aid in sending 
fresh blood to remove the stagnation and stop the inflammation. A 
warm foot bath and hot drinks may relieve by tlrawing blood from the 
congested mucous membrane. After the cold has become fixed such 
measures will not help, but the cure is aided by helping the skin to 
keep its full share of blood. The cold must run its course. The cells 
will be given every chance to repair the injury and destroy the germs 
(if any) by avoiding hard work, eating moderately of digestible food, 
avoiding drugs, especially infallible drugs advertised in newspapers, 
even if recommended by otherwise intelligent people. Repeated colds 
tend to become a disgusting disease called chronic catarrh. Con- 
stricting the blood vessels of the skin causes congestion of the (internal) 
mucous membranes. A skin tenderly protected constricts more readily 
than one accustomed to cold. Cold is the best preventive of cold. Cold 
baths, pure air, light clothing, free breathing, moderate eating, ward off 
colds. Fussing with sprays, gargles, and drugs will not; for the 
main factor in bringing on a cold is iSt germs, nor temperature, but the 
state of the system itself Persons who have suffered much with colds 
have found that after substituting cotUm n7iderwear for woolen, colds 
became very rare. Linen will have a similar effect, but it is not as dur- 
able, soft, or heat-retaining as cotton (see p. i(i)- 

Practical Qi^estions. — 1. Through what kind of skin do the 
blue veins in the wrist show most plainly? 2. Which is mure com- 
pressible, a vein or an artery? 3. Why are those who take little exer- 
cise likely to have cold feet? (p. 57 .) 4. Where does the so-called 

venous blood flow through an artery? 5. What vein begins and 
ends in capillaries? (The portal vein, colored Fig. 5 .) 6 . To what 

purifying organ, after leaving the lungs, does the heart send part of 
the blood for further purification. (Colored Fig. 5 .) 7. What keeps 

the blood moving between the beats of the heart? 
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THE RESPIRATION 

Experiment i. (Home.) Study of the Throat. — Sit with the back 
to the light. Study the open mouth and throat with a mirror and make 
out the uvula, tonsils, and other parts shown in Fig. 68. 

Experiment 2. Anatomy of Lungs. — Study fresh lungs of sheep, 
hog, fowl, or frog. Will they float? Will they contract when expanded 
by air blown in through a quill or other tube? What is the structure 
of the windpipe? Can you distinguish the arteries from the veins by 
the stiffness of their walls? Which contain pure b^ood? Study 
branching of air tubes. Make a sketch. 

Experiment 3. Tests of Expired Air. — Breathe upon a mirror, bright 
knife blade, or cold window pane. Result? State your conclusion? 
Experiment 4 — Carbon dioxid added to limewater will cause a white 
cloud consisting of particles of limestone. Breathe through a tube or 
straw or the hollow stem of a reed into clear limewater. Result ? Con* 
elusion? (Limewater may be had at druggist’s or made by pouring 
water upon a lump of unslackened lime and draining it off when lime 
has settled.) Experiment 5. Breathe for several minutes upon the 
bulb of a thermometer. Result? Conclusion? Experiments, 
a few times into a large, carefully cleaned pickle jar, or a bottle. Cork 
it tightly, and set it in a warm place for several days. Then uncork 
and smell the air in it. Result? Conclusion? Experiment^. Pierce 
a small hole in a card, place card over a wide-mouthed bottle, and 
breathe into bottle through a tube, lemonade straw, or hollow reed. 
Pull out straw. Place bottle, mouth downward, on table, and slip out 
card. Slide bottle to edge of table and lift lighted candle into bottle. 
Result? Experiment 8. Place bottle of fresh air over lighted candle. 
Result? Conclusion? (See Animal Biology, p. 14.)* 

Experunent 9. (School.) Testing the Air of a Room. — Fill a fruit 
jar or large bottle with water, and take it into a room containing many 
people. Pour out the water. (This insures that all the air now in the 
jar is air obtained in the room to be tested.) Seal the jar if test is not to 
be made at once. Test by pouring in two tablespoonfuls of clear lime- 
water and shake. If the limewater turns milky, the ventilation is bad. 

Expert meftt 10. (Home and school.) Homemade Current Detector. — 
Dangle a bit of paper by means of a spider web or thread from the 
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end of a walking stick or ruler (Or test with the flame of a candle.) 
Hold it neai cracks of window, rbove and below doors, and especially 
befor" openings intended for entry and exit of air, and test if air mov€s 
as desired. 

Experiment ii. Ventilation of the Schoolroom. — Let the whole 
class rise, and with the fingers test cracks around doors and windows. 
Wherever the ai^* feels cold to the hand the air is entering. 

Experiment 12. Dust. — With a mirror cause a sunbeam to play like 
a search light into a closed room several hours after it has been swept. 
Result? Do the same in a roc^m where every window and door were 
open during sweeping and left open afterwards. Result? Conclusion? 
Note also the amount of dust on the furniture of each room. 

Experiment 13. Study of Habitual Quiet Breathing. — Without any 
more disturbance of the breathing than can be helped, direct your atten- 
tion to your breathing while sitting quietly. Record motions of any 
parts of chest and abdominal walls that may be noticeable. If neces- 
sary, lay the hands successively against different parts of the wall to 
test for motion. Think of another subject, and later repeal observations. 

Experiment 14. Study of Deep Breathing. — Place your hands suc- 
cessively upon the front and sides of your chest, waist, and abdomen, 
while drawing in and sending out deep breaths. What motions of the 
several parts are observed at each stage ? 

Experiment 15. Study of Elasticity as a Factor in Breathing. — 
(i) Notice whether in quiet breathing there is an elastic rebound as 
the breath goes either in or out. If so, it is due to the elasticity of the 
cartilages or air cells of lungs, or both. (2) Breathe by inflating the 
lungs strongly at each breath. Is the air then forced out without 
effort? (3) Breathe by flattening the chest and abdomen as much as 
possible at each breath. Does the air then rush in without effort? 

Experiment 16. Chest Breathing. — Try to breathe wholly by deep 
expansions and contractions of chest wall. What motions, if any, are 
noticed in abdominal wall as breath goes in? As it goes out? (Test 
motions with hand.) 

Experiment 17. Abdominal Breathing. — Try to hold the chest walls 
still and breathe by strung contraction and expansion of abdomen. 
Do the chest walls move at all? Neither chest breathing” nor 
abdominal breathing ” is the normal way. See text. 

Experhnent 18. Full Breathing. — Try breathing by outward and 
inward movement of walls of chest, waist, and abdomen. Do you suc- 
ceed ? This is normal breathing. Is the motion greater at the front 
or the sides of the waist? Put a belt around the waist tight enough to 
stay in place and repeat. Is the waist motion interfered with? 
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Experiment 19. How the Ribs are Lifted. — Make a model like 
sketch to represent backbone, breastbone, and two ribs, using pins to 
make joints loose at corners. Use cords for diagonals. 
What happens when cord ac is pulled? When cord 
bd\^ pulled? The cords correspond to the two sets 
of muscles between the ribs. 

Experiment 20. Study of Laughing. — Place the 
hands upon the waist and abdomen when laughing. 
What motion occurs at each sound of laugh? Draw 
in the abdominal wall with a jerk. What is the effect 
upon the breath ? 

Experiment 21. Modifications of the Breath. — 
Write I, E, or IE after each word in this list, accord- 
ing as inspiration, expiration, or both, are involved in the action. (Test 
with sham acts if possible.) Sighing, sobbing, crying (of. a child), 
coughing, laughing, yawning, sneezing, hiccoughing, snoring. 

Experiment 22. Effects of Exercise. — Count and record the rates of 
breathing before and after vigorous exercise. 

Experiment Comparative Study. — Observe and record the rate 
and manner of breathing of cow, horse, dog, cat, etc. Is the air drawn 
in or sent out more quickly? Is there a pause? If so, after which stage 
of breathing? 

Experiment 24. Emergency Drill. — Resuscitation from drowning, 
etc. See Coleman’s Elements of Physiology,” page 356. 

Necessity for Breathing and for Specialized Organs of 
Breathing. — The body is a self-regulating machine which 
possesses energy. This energy, like that of steam engines, 
arises from oxidation which takes place continually, but at 
a varying rate. Food for fuel is taken at intervals, but 
oxygen must be taken in continually. Man breathes about 
eighteen times per minute. The blood in the tissues soon 
becomes dark because of loss of oxygen and absorption of 
carbon dioxid. It is then pumped through the heart to 
the organ which has the function of absorbing oxygen 
and giving off carbon dioxid (Fig. 67). In some animals, 
as the ameba and the earthworm, the surface of the body 
suffices for breathing. This cell breathing is the true 
essential respiration; it is universal among living things, 
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both plants and animals. To supply the deeper cells large 
animals tequire a breathing surface greater than the area 
of the skin. This is supplied by having the oxygen-absorb* 
ing surface folded inward to form folds^ tubeSy and cavities 
of great complexity. If the lungs of a man were unfolded 
and all their tubes and cavities spread upon one surface, 
an area of more than one hundred square feet (or ten feet 
square) would be covered. 

Each respiration, or breath, consists of the passing in 
of the air, or inspiratiouy sending it out, or expiration^ 
and a pause after 
one but not after 
both of the other 
stages. 

The Air Passages. 

— The air usually 
passes in at the 
nose and returns 
by the same way, 
except during talk- 
ing or singing. Ob- 
serve your mouth 
with a mirror (Fig. 

68); at the back 
part, an arch is 
seen which is the 
rear boundary line 
of the mouth (Exp. 
i). Just above the 
arch is likewise the rear boundary line of the nasal pas- 
sages. The funnel-shaped cavity beyond, into which both 
the mouth and nasal passages open, is called the pharynx 
(far'inks), or throat (see Fig. 68, also Fig. 83). Below, 



Fig. 67. — Circulation through Lungs (sche- 
matic) : “venous” blood (in pulmonary artery) 
black; “arterial” blood (in pulmonary veins) 
white. 
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Fig. $8. — Open Mouth, showing palate and tonsils. 


two tubes open 
from the phar- 
ynx. One is the 
trachea (tra'kea) 
or windpipe, the 
other is the esoph- 
agus or gullet. 
At the top of the 
trachea is the 
cartilaginous lar- 
ynx, or voice box. 
If the finger is 
placed upon the 
larynx or Adam’s 
apple, it is plainly 
felt to move up 
and down when 


swallowing. Dke opening into the larynx is provided with 
a lid of cartilage, the epiglottis. Inside the larynx, the 



Fig. 69. — Lungs, P\ with trachea, 
TA ; thyroid gland, th ; larynx, L \ 
and hyoid bone, H. 


vocal cords are stretched 
from front to back. Just 
below the larynx comes the 
trachea proper, which is a 
tube about three fourths of 
an inch in diameter and 
about four inches long (Fig. 
69). It consists of hoops of 
cartilage (Fig. 69) which are 
not complete circles, but are 
shaped somewhat like the 
letter C, being completed at 
the rear by involuntary mus- 
cular tissue, whose function 
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* is to draw the ends together at times (for instance, during 
coughing) and reduce the size of the tube. The function 
of the hoops of cartilage is to keep the windpipe open at 
all times. If it should be closed by pressure, life might 
be lost. These rings of cartilage may be felt in the neck. 

The lower end of the trachea is just behind the upper 
end of the breastbone; there it divides into two large 
tubes. These subdivide into a great 
number of smaller branches called bron- 
chial tubes. Cartilage is found in the 
walls of all but the smallest of the tubes. 

The subdivision continues, somewhat like 
the branching of a tree, until the whole 
lung is penetrated by bronchial tubes. 

Each tiny tube finally ends in a wider 
funnel-shaped chamber called a lobule fk;. 70. — Lobuj.e 
(Fig. 70), into which so many dilated 
sacs, called air cellSy open, that the walls of the terminal 
chamber or lobule may be said to consist of tiny cups, or 

air cells, placed side by 
side. The lobules, or 
clusters of air cells, are 
chiefly near the surface 
of the lung. (The word 
“cell” is here used in 
its original sense to de- 
note a cavity or cham- 
ber, and not in the sense 
of a protoplasmic cell.) 

The air cells are elastic 
and enlarge by stretch- 
ing as the chest ex- 
pands ; hence, the cells 



Fig. 71. — Capillaries around Air Sacs 
OF Lungs (enlarged 30 diamt-ters). Air 
sacs in white spaces. Dark lines are capil- 
laries. (Peabody.) 
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must have many of the elastic fibers of connective 

tissue in their walls. They are lined with an exceedingly 
thin membrane of epithelial cells through which oxygen 
and carbon dioxid are exchanged. In the walls of the air 
cells there is a network of capillaries (Fig. 71). The dark 
red blood comes into these capillaries from the pulmonary 
arteries, and is changed to a bright red by the time it 
leaves them to enter the pulmonary veins. The air leaves 
the lungs warmer, moister, and containing more carbon 
dioxid than when it entered. 

Most of the mucous membrane lining the air passages 
has a surface layer of ciliated cells. Cilia are tiny tlu'cad- 
like projections (Fig. 72) which con- 
tinually wave to and fro, the quicker 
stroke always being outward ; for their 
function is to remove particles of dust 
and germs that may find entrance to 
the air passages. When the mucus 
containing the dust is*raised nearly to 
the larynx, it may be thrown out by 
coughing, flear the opening of the nos- 
trils are placed many hairs y hundreds 
of times larger than cilia, through which the air is strained 
as it enters the nose. Hairs are multicellular; cilia are 
parts of cells. See Animal Biology, Fig. 14. 

The Lungs. — The entire chest cavity is occupied by the 
lungs except the space occupied by the heart, the larger 
blood vessels, and the gullet. The right lung has three 
lobes, or divisions, and the left lung has two lobes. The 
lungs are light pink in early life, but become grayish and 
darker as age advances. This change is more marked in 
those who dwell in cities, or wherever the atmosphere is 
smoky and dusty. The lungs are covered and inclosed by 



Fh;. 72. — Ctltatrd 
Cells, lining the air 
passages. 
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a smooth membrane called the pleura. This membrane 
turns back and lines the chest wall, so that when the chest 
expands, the two sleek membranes glide over each other 
with far less friction than would be the case if the lungs 
and chest wall weise touching (Exp. 2). 

The Respiratory Muscles. — (Repeat Exps. 13, 14, 15.) 
The chief breathing muscles are the diaphragm (see Figs. 
73 and 74), the muscles forming 

the abdominal walls (see Fig. dl 

44), and two sets of short mus- 

cles (an internal and an external 

set), bctzveen the ribs. They 

are called intercostals. (They 

are the flesh eaten when eating 

pork ribs.) The diaphragm y I M 'ij 
which is shaped like a bowl 1 
turned upside down, rounds up ^Bp fl ' ' [ 

under the base of the lungs ’ f 

somewhat like a dome and scpa- ^ | 

rates the chest from the ab- ,f'’] 

doraen. Its hollow side is d 

toward the abdomen and its ''' if 

edges are attached to the lowest d j! 

ribs and the vertebra of the Jj/ 

loins. Inspiration is brought 
about by the rising of the ribs 
and the descent of the dia- 

Dhrao-m Fxniration takes 73.-Vertical Section 

pniagm. iixpiranon taxes trunk, showing dia- 

place when the ribs descend, phragm, cavities of thorax and 

the abdominal walls draw in, abdomen. 




Fig. 73. — Vertical Section 
OF Trunk, showing dia- 
phragm, cavities of thorax and 
abdomen. 


and the transmitted pressure lifts the relaxed diaphragm. 

Inspiration. — To cause inspiration the diaphragm con- 

* 

tracts, it flattens and descends, since its edges are attached 
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lower than its middle (Fig. 75); the lungs descend with it, 
thus lengthening the chest from top to bottom; at the 
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same time the rib 
76) by the contraciion 
the ribs. Thus the , 
deeper from front to 
chest expands, and th 
luners contain no mus 


irard and outward (Fig. 

• set of muscles between 
de longery broader^ and 
lungs expand when the 
in. Why is this } The 
not expand themselves ; 
s parts do not stick to- 
he aiV has weierht. The 
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atmosphere has a 
height of many miles, 
and the air above is 
pressing on that be- 
low. When the chest 
walls are raised there 
would be an empty 
space or vacuum be- 
tween these walls and 
the lungs, did not the 
pressure of the outside 
air push air tkivugh 
the windpipe into the 
I u ngs a n d exp and 
them (Exp. 19). 



Fig. 75.~1'ramkvvokk of Chest. 


Expiration. — In very active breathing the abdominal 



walls actively contract so 
that they press strongly 
upon the digestive organs, 
which in turn press the 
diaphragm up. The ribs 
are also drawn dowfi and 
in. Thus the chest be- 
comes smaller and forces 
the air to flow out through 
the windpipe (Exps. 20 
and 21). 

Thought Questions. — Why 
breathing wiih the waist is easier 
than oreathing with the upper 
chest. Effects of confining the 


Fig. 76. — Blackboard Sketch, to 'waist, 

show how the chest is expanded when I • There are two pairs of 


the ribs move upward and outward. nbs below, while there are none 
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above, 2. There are three pairs of ribs below, while there are 

none above, but all ribs of the upper chest are ribs. 3. The 

lower of the joints between the seven pairs of true ribs and the sternum 

are more flexible than the upper joints because . (Observe the 

joints in Fig. 75.) 4. The walls of the waist swing and , 

while the walls of the upper chest must move and . 5. The 

bones of the rest upon the upper chest. In upper chest breathing 

their weight, and the weight of both of the must, therefore, be 

lifted. (Fig. 28.) Test by trying it. 

Hygienic Habits of Breathing. — Chest breathing uses 
chest chiefly, abdominal breathing uses abdomen chiefly, 



Fig. 77. Fig. 78. Fig. 79. 

Fig. 77. -—Female Figure encased in Corset. Expansion at the waist is here impossi- 
ble and the breathing is called “ collar-bone breathing." 

Fig. 78. — Male Figure. Here, owing to pressure of clothing and faulty position, expan- 
sion of chest is hindered and breath is taken by the " abdominal method.” 

Fig. 79. — Figure Properly Poised and Free. Here the entire thorax can move freely, 
and natural breathing is the result. (For blackboard.) From Latson. 

full breathing uses both. These three forms depend 
upon whether the breathing is carried on by using 
the muscles of (i) the chest, (2) the abdomen, or (3) both 
(see Figs. 77, 78, 79). There has been much debate 
among physicians, surgeons, and singers as to which of 
these methods is best. Probably this question would not 
have been raised but for the confining and deforming 
effect of clothing upon the waist Full breathing is used 
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by children of all races^ by both men and zvomen of wild 
tribes y a^id by men of civilised countries. It is undoubtedly 
the natural way, as well as the easiest and most effective 
way (Exps. i6, 17, 18). 

Breathing with the upper chest is exhausting because of the stiffness 
of the upper part of the bony cage (see Fig. 75) ; for it is inclosed by 
true ribs fixed to the breastbone by short cartilages. The ribs in the 
waist (Fig. 75) are either floating in front or fixed by long cartilages to 
the ribs above. In pure abdominal breathing the diaphragm must con- 
tract more than in full breathing in order to descend, because its edges 
have been drawn together and fixed by binding the ribs ut the waist. 
In full breathing the floating and false ril:)s at the waist (five pairs in 
all) float in and out as nature provided. As they move out, this 
broadens and deepens the chest, and aids the flattening of the dia- 
phragm by moving its edges farther apart. Those persons, perhaps 
one in a thousand, who voluntarily deform the body with tight clothing 
are beneath contempt. But so uniform is the pressure of tight clothes 
and shoes that the wearer soon becomes unconscious of them, and so 
powerful are the effects that not one person in a thousand escapes 
deformity and injury. Children’s clothing should be supported by the 
shoulders, and adults’ clothing by both shoulders and hips, but by 
the waist, never. 

Cellular Respiration. — The chemical activities within the cells and 
their need of oxygen, not the amount of oxygen in the lungs or blood, 
determine how much oxygen the cells absorb from the blood. Oxygen 
cannot be forced even into the blood beyond the required amount. 
Deep breathing movements, however, help the flow of the blood and 
lymph. Carried to excess, they tire the will and exhaust the nerves. 

Changes in Blood while in the Lungs. — The coloring 
matter (or hemoglobin) of the corpiuscles absorbs oxygen 
(and becomes oxy-hemoglobin). Carbon dioxid is given off 
from the plasma. The blood becomes a brighter red. 

Changes in Air in the Lungs. — The air entering the 
lungs consists of about one fifth oxygen and four fifths 
nitrogen. This nitrogen is of no use to the body, and is 
exhaled unchanged. A part of the oxygen inspired is taken 
up by the bloody and carbon dioxid is sent out in its place. 


c 
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About half a pint of water is given off through the lungs 
in a day.. Minute quantities of injurious animal matter 
are also given off in the breath from even the soundest 
person. The air leaves the lungs warmer, damper, and with 
more carbon dioxid than when it entered (Exps. 3 to 9). 
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Persons with decayed teeth, catarrh, indigestion, diseased lungs, or 
other unsoundness give off still more of this material. When many 
people are assembled in a badly ventilated room, the amount of injurious 
animal matter in the air is much increased, and is called “ crmvd poison.''^ 
Its odor is strong and repulsive to one who just enters the room, but 
the sense of smell becomes dull to it in a few minutes. It would seem 
that nature gives a fair warning against harm ; but if we disregard the 
warning it soon ceases. 

People who are really Unclean. — Nature’s plan seems to be for us to 
live out of doors. Air once breathed is impure. It is just as unfit to 
enter our bodies as muddy water or decayed food. Yet many who call 

themselves cleanly 
and refined, and 
will not allow a 
speck of dirt to 
remain on their 
clothes^ nor use a 
spoon just used by 
another^ do not 
object to breathing 
into their lungs, 
over and over 
again, the cast-off 
air from the lungs of others. If a window is opened for ventilation, 
they are horror-stricken for fear of drafts. Drafts are injurious only to 
persons ‘perspiring, or to those who haye coddled the skin by continu- 
ally overheating it. There are thousands of schools, churches, and 
theaters all over the land which reek daily with the malodorous particles 
from the lungs of their occupants. Although the air in them is odorless 
to those who occupy them, it is disgusting to any one who enters from 
thd fresh air. Figure 80 shows the correct ventilation of a stove-heated 
schoolroom. 





Fig. 80. — Ventilation of Stove-heated Room.' 

How are the inlet and outlet situated with reference to the stove ? 


Dust causes catarrh of the bronchial tubes and chronic 

^ From Coleman’s Elements of Physiology (400 pp.). The Macmillan Co., N.Y. 
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inflammation of the lungs; it prepares for consumption, 
by gradually weakening the lungs of those who breathe 
it. Intelligence and common sense are necessary to pre- 
vent it from accumulating in the house. The chief pur- 
pose of the house cleaning should be not only to remove 
bits of paper from the floor, which do no harm even to the 
shoes, but to remove impurities from the air. It docs no 
good to stir up the dust and allow it to settle down again 
(Exp. 12). In many houses dust is thus allowed to 
accumulate for months. Experiments show that dust and 
germs floating in the air are not diminished to a great extent 
by a gentle draft through the room. The windows must 
be open and sweeping don^ in the direction of the air 
currents ; the windows should be left open for a long while 
after the siveeping. A windy day is best for sweeping. 

The habit some housekeepers have of buying furnishings and bric- 
k-brac for the home until it looks like a retail store or junk shop, makes 
it almost impossible to clean their houses. A few articles, carefully 
selected, adorn a home more than many bought at random, and they do 
not litter the house and serve as traps for dust. With all precautions 
some dust may settle down. This should not simply be stirred up again 
with a feather duster, but the dusting should be done with a damp cloth. 
Ashes should be sprinkled before they are moved. Carpet sweepers, 
but never brooms, should be used upon carpets. Carpets and lace cur- 
tains are truly dust traps, in which dust will accumulate without limit. 
Those who value the health will not use such uncleanly abominations, 
at least in bedrooms. Though linoleum, bare floors with movable rugs, 
oiled and painted floors, may not look so comfortable as a fixed carpel, 
they bring far more comfort in the end. The weakening effect of or dr 
nary dust is one of the chief causes of lung diseases., and prepares a fertile 
soil for the consumptive germ. The sputum coughed up by consump- 
tives falls upon the floor or street, soon dries, and the germs are driven 
about by the wind. In many cities there is a law against spitting in 
public places, and the streets are flushed with water before they are 
swept. 

Ventilation presents no difficulties in the summer time 
or in warm climates. The reason that it is a difficult 
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question in cold weather is because the air flirnished must 
be not only pure, but warm. To keep cold air out often 
means to keep foul air in. Heating with hot air, by which 

system pure air is passed over 
a furnace, and fresh air con- 
stantly admitted, may be a good 
method (Figs. 8o, 8i), but is 
often a dismal failure because 
it dries out the air, which in 
turn dries out the skin. To 
prevent this, wide vessels of 
water should be set at the in- 
lets. Dry air is cooling. Why } 
Dr. Barnes proved that moist 
air at 65° is as comfortable as 
dry air at 71®. Air saturated 
with vapor at 60® will 07 ily be 
50 per cent saturated at 80®. 
Such air dries out the mucous 
membrane of eyes, nose, and 
throat. Heating by hot water circulating in pipes, or by 
steam, gives no means of 
introducing fresh air, and 
is likely to cause worse 
ventilation than any other 
method. The radiators 
should stand close to win- 
dows or other fresh-air inlet, 
that the air may be heated 
as it enters, and the outlet 
for air should be farthest 
from the radiators. The same rules apply to heating by 
stoves. An oil stove for heating is an inconceivable 



Fig. 82. — Chimney with a passage be- 
hind fireplace, or grate, in which the 
air is warmed as it enters. 



Fig. 81. — The air enters through 
a special inlet and is warmed 
as it passes through hood sur- 
rounding the stove. 
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iniquity to any but a person densely ignorant of hygiene. 
Heating by fireplaces (Fig. 82) is the most healthful of 
all mechods, for there is a constant removal of air through 
the chimney, and this air will be replaced; even if all 
doors and windows arc closed, it will come in through tiny 
cracks. Radiant heat travels in straight lines from a 
fireplace and warms solid objects, but not the air passed 
through. Hence an open fire will keep the body warm 
with the room at a low temperature. Fireplaces, however, 
do not afford sufficient heat in severe climates. 

Stoves are not as healthful as fireplaces, for there is not 
so much air removed through 
the pipe as through the^ 
chimney. Carbon monoxid, 
unlike carbon dioxid, is an ac- 
tive poison causing the blood 
corpuscles to shrivel. It 
passes through red-hot iron 
or a cracked stove or furnace. 

Reasons for Breathing through the 
Nose (Fig. 83). — (i) The many 
blood vessels in the mucuous mem- 
brane lining the nasal passages so 
heat the air that it does not irritate the bronchial tubes. (2) The hairs 

in the nostrils strain the air and catch 
dust; the cilia of the nasal passages 
also do this. (3) A mouth-breather 
often swallows food before chewing it 
sufficiently, because he cannot hold his 
breath Jonger. (4) The nasal mucous 
membrane of an habitual mouth- 
breather dries and shrinks and ob- 
structs the circulation, bringing on 
catarrh of the nose. (5) Mouth breath- 
ing causes an unpleasant expression of 
countenance (see Fig. 84). (6) The 



Fig. 84. — Facial expression in 
mouth breathing, and breath- 
ing through the nose. 
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breath does not come through the nose as quickly as through the 
mouth; the lungs a7^e kept 7Hore expanded^ and one does not get 
“out of breath ” so quickly. (7) The voice of the mouth breather has 
a hard twangs not a full, resonant tone as when the nostrils are open. 
(8) Flavors and odors are better appreciated. Sometimes the sense 
of smell is almost lost by mouth breathers. If one cannot breathe 
through the nose, even for a short time, there is probably an adenoid, 
or tonsil-like, growth in nose or pharynx, and a physician should be 
consulted. “ Adenoids ” are glandular or grapelike jn form. 

Diseases of the Respiratory Organs. — A cold or catarrh is a7t inflam- 
^nation of a mucous 7ne7nbrane. If the inflammation is in the nasal pas- 
sages, it is called a cold in the head ; if it is in the pharynx, it is called 
a sore throat ; if it is in the larynx or voice box, there is hoarseness ; 
if it is in the bronchial tubes, it is bronchitis; finally, if it is in the air 
cells, it \% pneumonia. If the air is cut off from access to the air cells, 
there is an attack of the painful disease called astluna^ which is accom- 
panied by a feeling of sufFocationP^ Some believe that asthma is caused 
by the mucous membrane lining the finest bronchial tubes becoming 
inflamed and swollen, and closing the tubes ; others think that the 
muscles in the large bronchial tubes contract and close the tubes. 
Pleurisy is inflammation of the pleura and makes breathing painful. 
If much fluid forms between the pleuras, the inner pleura may press 
upon the lungs and interfere with breathing. 

Alcohol not only weakens the blood vessels near the sur- 
face, but the blood vessels in general. Weakened and 
congested blood vessels in the lungs make them more 
liable to pneumonia and other congestive diseases. Con- 
tinual congestion causes an abnormal growth of connec- 
tive tissue fiber in the walls of the cells. This diminishes 
the capacity of the lungs and interferes with the exchange 
of carbon dioxid and oxygen. 

Tobacco. — It is often asked why cigarettes are so much 
more injurious to the health than pipes and cigars. The 
nature of the paper of cigarettes and various other absurd 
reasons have been assigned. The true reason is that the 
cigarette smoker usually inhales the tobacco smoke. Cigar 
smoke, if drawn into the lungs, would usually be coughed 
up at once. Cigarette smoke is weaker — it is so weak 
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that the smoker is not content simply to absorb the nicotine 
through the mucous membrane of the mouth ; he draws it 
into the lungs. The very mildness of the smoke leads to 
inhalation. Hence, as the surface of the lungs is a hundred 
times greater than the surface of the mouth, and its lining 
much thinner^ cigarette smoking is far more injurious than 
cigar smoking. 

The poison accumulates in the bowl of a pipe ; hence an old pipe 
is very injurious. The irritation of tobacco smoke often sets up a 
chronic dry catarrh 
of the air passages ; 
rarely it causes cancer 
of lips or tongue. Sir 
Henry Thompson 
says : The only per- 
sons who enjoy smok- 
ing and find it tran- 
^quillizing at times are 
those who smoke in 
great moderation. 

Men who are rarely 
seen without a cigar 
between the lips, have 
long ceased to enjoy 
smoking. They are 
confirmed in a habit, 
and are merely miser- 
able when the cigar is 
absent.” They do not 
smoke for pleasure, 
but to escape misery Fig. 85. Fig. 86. 

which wiser men fig. 85. — Flattened Chest and waist organs 

escape by avoiding sunken from wearing tight clothing since the age of 

tobacco altogether. fourteen. Such women often walk with bodies 

bent forward to hide the prominent abdomen. 

Practical Ques- 35 — a Natural Woman. 

TiONS. — 1 . State 

how in the case of a person with round shoulders a gradual remolding 
of cartilages (which ones ?), the strengthening of the muscles (which 
ones ?), and the practice of deep breathing may each contribute toward 
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acquiring an erect and perfect figure. 2 . Should a hat be well venti- 
lated? (A punch for making the holes costs a dime.) Should a hat 
be stiff or soft ? 3 . Name habits that im- 
pair the power of the lungs. 4 . How could 
you convince a person that a bedroom 
should be open while and after it is swept ? 
That it should be ventilated at night ? 
5 . Which is the more injurious to others, 
tobacco chewing which causes the ground 
to be unclean, or smoking which renders 
the air impure ? 6 . Why do those who 
stand straight up to hoe not get tired half 
so quickly as those who bend or “hump’’ 
over? (Chap. VI.) 7 . Why do students 
who sit in rocking chairs, or from other 
causes lean the head forward when they 
study, #often find that they recover from 
drowsiness if they sit erect, or sit in a 
straight chair? 8 . How are high collars 
a fruitful source of bad colds ? 9. If the 
draft up the chimney of the fireplace, when* 
the fire is burning, takes up a volume of air sufficient for many people, 
why is it unnecessary to open a window? 10. Why does cold impure 
air make a person colder than cold pure air? (p. 14.) 11 . Do the 

modern customs of uniformity in dress for all classes and, climates, 
shipping foods from great distances, one section or nation imitating the 
ways of another section or nation, lead toward health or disease? Do 
such customs violate or conform to the great biological law that life is 
a process of adaptation to environment? 



Fig. 87. — Suspenders 
should have a pulley or 
lever at the back, that the 
strap on one side may 
loosen when one shoulder 
is raised. 
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ro?l.\r hone; r, ril)s; z, t<nigup hone (hyoiiF ; /!’,/?■, cartilniics <'f iaiyux; /, windpipe; 
j. thyroid gland; rt', right ventricle; /?', left ventricle; r//, right auricle ; left auricle ; 
a, aorta; i-a, artery to liead (carotui) ; sa, subclavian artery; /a, pulmonary aitery; 
e//, superior vena cava; //?', jugular vein; /«, lungs; diaphragm; //\ liver: /f, gall 
bladder; >v, stomach; .r, spleen; ft. incscnteiy with vessels; r/. small intestine; large 
micstine; cmciiiii, 7/’, verniiforni appendix; //.bladder. 




CHAPTER Vir 

tOOD AND DIGESTION 

Eocperiment i. Tests for Acid, Alkaline, and Neutral Substances.- 
Repeat tests described in General Introduction.^ 

Experiment 2. Test for Starch. — See General Introduction. 

Experiment 3. Test for Grape Sugar. — See General Introduction. 

Experinunt 4. Test for Proteid. — See General Introduction. 

Expervnent 5. Test for Fats. — See General Introduction. 

Experiment 6. Human Teeth. — Study the form of teeth from every 
part of the mouth. Get a handful from a dentist. Break some of the 
teeth to make out their structure. Classify them. Draw section, 
enlarged. 

Experiment 7. Study of the Teeth. (At home.) — Sit with the back 
to the light and look into a mirror, with the mouth w'ide open. Do you 
see the four kinds of teeth named in text ? Which are fitted for cut- 
ting ? Which for grinding? Are any suited for tearing ? Are any of 
^he teeth pointed? What is the difference in the bicuspids and molars? 
Are there any decayed places ? Are the teeth clean ? Are the so-called 
canine teeth so long that they project beyond the line of the other teeth, 
as they do in a dog? Do the edges of the upper and lower incisors 
meet when the mouth is closed, or do they miss each other like the 
blades of scissoi]B? How many roots has each lower tooth? (See Fig. 
92.) Which t^dth has the longest root? 

Experiment Structure of Mammalian Stomach. — Get a piece oj 
tripe from the market. Study its several coats. The velvety inner 
coat is covered with mucous membrane. (Photomicrograph, Fig. 95.) 

Experifne^t 9. Model of Human Food Tube. — Make a model of the 
food tube out of yellow cambric, giving to each organ its correct size. 
Follow the dimensions given in text. 

Necessity for Foods. — Growing plants and growing ani- 
mals need new material to enable them to htcrease in sise 
or grow. Plants never cease to grow while they live ; 
most mammals attain their full size in one fifth of the time 

^ See also Peabody’s “ Laboratory Exercises in Physiology,” Holt, N.Y* 

«9 
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occupied by their whole lives. (By this rule how long 
ought man to live?) Animals, moreover, move from place 
to place, and work with their muscles. The energy for this 
comes from the food they eat. Plants do not use food for 
this purpose. Another need for food comes from the 
necessity for heat in all living things. The activities of 
animals cause the tissues to wear out, or break down, and 
food furnishes material with which new living matter is 
built up by the cells and the tissues repaired. We have 
already stated the role of oxygen in setting free energy in 
the living substance of the cell by oxidizing it. There is 
no furnace in the body as in an engine, but the oxidation 
occurs in the cells themselves and the fuel is built up into 
living matter by the cells before it is oxidized. Plants 
must lift mineral from the inorganic to the organic world 
before it can be food for animals. Plants can assimilate 
minerals; animals cannot. The body cannot make bone 
out of limewater. The iron in iron tonics cannot be used. 
Iron makes the grain brown, and the peach red. There 
is ten times as much iron in our food as the body needs. 

State four reasons why animals need food. Which of 
these reasons is very powerful with plants ? Least powerful ? 
Absent altogether ? Why is constant breathing necessary 
for life ? When is breathing more rapid ? Why ? People 
who lead what kind of lives usually have poor appetites ? 
Good appetites ? Why ? What was the first distinct or- 
gan evolved by animals ? (Animal Biology, Chap. IV.) 

The Body is a Machine for transferring Energy. — Energy 
cannot be destroyed, but it can be transferred and changed 
in form. When a coin is rubbed on the table, muscular 
energy, supplied by oxidation in^e muscle, produces the 
motion. Friction may change motion into heat, and the 
coin will become very hot. The uniting of food and 
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oxygen in the cells of the body gives the heat and motion 
(energy) of the body. Only substances which will oxidize, 
or burn, are true foods. Wai-er, salt, and carbon dioxid 
will not burn; hence, they cannot give rise to energy in 
the body. But the sun energy, acting in the green leaf, 
tears apart the carbon from the oxygen (Plant Biology, 
Chap. XIII), sets free the oxygen, and the carbon is stored 
in starch for future burning. Sunshine is energy (light 
and heat). The sun sustains the life of plants and through 
them the life of animals. The oxidation in the body is so 
slow that it can hardly be called a burning, but it is faster 
than the oxidation of iron in rusting or of wood in rotting, 
and is about equal to the continual burning of two candles. 

The Four Kinds of Nutrients, or Food Stuffs. — The kinds 
of food which we cat seem to be numberless, but they con- 
tain only four kinds of food stuffs, — starches, fats, proteids, 
and minerals. Many foods contain all four classes of 
food stuffs. Milk contains sugar (a changed form of 
starch), cream (a fat), curd (a proteid), and water (a mia- 
eral). Oatmeal contains starch, oil, gluten, and water. 

Uses of the Nutrients, or Foon Stuffs 

1. Proteids. The tissue-building foods (also of value as fuel). 

2. Starches (and sugars) 1 Energy and heat (fuel) and 

3. f'ats (and oils) J fat producing foods. 

4. Minerals (water, salt). Important aids in using other foods. 

Relative Fuel Value. — A pound of fat produces as much 
heat in the body as 2.3 lb. of proteid or 2.3 lb. of starch, 
the last two having equal fuel value in the body. 

Starch and the sugars are closely related : starch readily 
changes into sugar. They contain much carbon and are 
called carbohydrates. Starch is especially abundant in 
grains, seeds, and fleshy roots (Fig. 88). The sugar in 
ripe fruit and in honey is called fruit sugar. Milk sugat 
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is found in sweet milk. Grape sugar is found in grapes 
and honey ; the small grains seen in raisins consist of 



Fig. 88. — A Tiny Bit of Potato, highly 
magnified, showing cells filled with grains 


grape sugar; it can also 
be prepared artificially 
from starch. Cane sugar 
is found in cane, in sap 
of the maple, and in the 
sugar beet (Exps. 2, 3). 

Fats include the fats 
and oils found in milk, 
flesh, and plants. A 
fat, such as tallow, is 
solid at the ordinary 
temperature ; while an 
oil, such as olive oil, is 
liquid at the same tem- 
perature. Tallow was 


of starch. Cooking bursts these cells. ^^6 


warm body of the ox. Sugar is transformed into fatty 
tissue as readily as is fatty food itself. 

Proteids are the only foods that contain the tissue- 
building nitrogen. Protoplasm cannot be formed without 
nitrogen. We do not often see a pure proteid food, for 
this food stuff is not so readily separated from foods 
containing it as are starch, sugar, and fat. 
or white-of-egg, is proteid united with four times its 
weight of water. Pure proteid is also called 2XQ\xmin, 
Coagulation by heat is one test for proteid (Exp. 4). 
These are the names of proteids, or albumins, found in 
several common foods : casein^ the curd or cheesy part of 
milk ; myosin of lean meat ; fibrin in blood ; legumin 
in beans and peas ; gluten, or the sticky part of wet flour; 
gelatin in bones. Proteid is valuable to the body as fuel 
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as well as a tissue builder. We could burn btans and 
peas as well as the strictly fuel foods, starch and fat, in 
an engine, and get heat to mo'^e the engine. If one takes 
up athletics or hard physical labor, he should increase the 
amount of fats and carbohydrates eaten, but not of proteid. 
Muscular activity increases the carbon waste but not the 
nitrogen waste of the body. 

Minerals. — The iron of the blood and the mineral salts 
in bone (carbonate and phosphate of lime) must enter the 
body in organic form in order to be used. Water and salt 
are mineral foods. The body is about two thirds water. 
The cells must do their work under water. They cannot 
live when dried. Water ena.bles the blood to flow; and 
the blood is not only the feeder, but also the washer and 
cleanser of the tissues. Some persons get out of the habit 
of drinking plenty of water, and their health suffers thereby. 
In such a case drinking plenty of water will be safer and 
more effective than taking poisonous drugs to restore health. 

Adulteration of Food. — Sometimes cheaper materials, of 
little or no value as food but of no great injury to health, 
are added to foods. Examples : water added to milk, 
sawdust to ground spices, chicory to coffee, glucose to 
maple syrup. Other forms of adulteration not only cheat 
the purse but tend to destroy health, or actually do so. 
Examples: Boracic acid or formalin added to milk to 
prevent souring, copper to canned peas, etc., to give a 
bright green color ; salicylic acid or borax used in minute 
quantities as a preservative with canned corn, tomatoes, 
etc.; acids added to '‘apple’' vinegar; dried fruit treated 
with sulphur to prevent a dull color. Pure food laws tend 
to repress these evils. It is best to buy foods in their 
original form. For instance, lemons are more reliable 
than vinegar. A bit of lemon at each plate, in house- 
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holds that can afford it, is far preferable to vinegar. We 
should always buy from neighbors when possible. Farmers 
and gardeners should do their own drying and canning. 
For purity of water, see Chap. X. 

The Daily Ration. — A quarter of a pound (4 oz.) of pro- 
teid foods and one pound (16 oz.) of fuel foods (total 20 oz. 
of water-free foods) are needed to replace the daily waste 
of the body. Hence a balanced ration has proteid and fuel 
food in the ratio of 4 to 16, or i to 4. But recent experi- 
ments at Yale University indicate that 2 oz. of proteid 
daily are more strengthening than four. 

Appetite is a perfect guide for those who lead an active 
life and eat sloivly of simple food. Highly seasoned food 
and complex mixtures deprave the appetite ; it then leads 
astray, instead of guiding safely. Of course the appetite 
cannot guide one to eat the right kind and quantity of 
food at a table where the food lacks any of the four neces- 
sary food stuffs, or where innutritious or indigestible food 
is provided. It is well to select one food for a meal be- 
cause it is rich in proteids, another because it is rich in fat, 
and the third because it is rich in starch or sugar. (See 
table, p. 95.) Intelligence in regard to diet enables a 
housekeeper to provide nourishing food for less m(5ney 
than an ignorant housekeeper often pays for food deficient 
in nourishing qualities. 

A Balanced Ration, — A deficiency of starch may be 
supplied by an excess of fat or sugar. It is most essential 
to provide proteid as it cannot be replaced by any other 
food stuff. An excess of proteid is most harmful. An ex- 
cess of starch or fat is oxidized into water and carbon 
dioxid, which are harmless waste products ; an excess of 
proteid is changed into urea which may become harmful 
by overworking the liver and kidneys which excrete it. 
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Composition of One Ounce of Various Foods in Fractions of 

AN Ounce 



Pro- 

TEIDS 

Fafs 

Carbohy 

DRATKS 

Water 

Mineral 

Salts 

W OODY 
Fiber 

Daily Ration 

4 OZ. 

2 OZ. 

14 OZ. 

2 qt. 


0 

I. Nuts. 







Pecan 

.10,^ 

.708 

.143 

•03 

.017 


Walnut .... 

.153 

•574 

.16 

•03 

.014 


Almonds .... 

•ASS 

•53 

.12 

.078 



Cocoanut .... 

.050 

•51 


•35 


.04 

Ciiestnut .... 

•037 

.02 

.38 

•54 

.009 

.02 

II. Fruits. 



Sugar 




Peach 

.007 


.045 

.85 

.007 

.04 

Apple 

.004 


.072 

.84 

.005 

.05 

Blackberry . . . 

.005 


.040 

.86 

.004 

.01 

Cherry 

.005 


.10 

.84 

.007 

.02 

Grape 

•125 


•15 

.70 

.005 


Fig (dried) . . . 

.040 

.014 

•50 




Banana .... 

.050 


.20 

•75 



Ill, Animal Food. 







Lean beef . . . 

.20 

.035 

.009 

•75 

.016 


Fat pork .... 

.098 

.489 


•390 

.023 


Smoked ham . . 

•25 

•365 


.278 

.101 


Whitefisli 

.181 

.029 


.780 

.010 


Poult .... 

.210 

.038 


.740 

.012 


Oysters .... 

•175 

.005 


.800 

.015 


Cow’s milk . . . 

•035 

.040 

.040 

.870 

,007 


Eggs 

.125 

.120 


•735 

.010 


Cheese .... 

.335 

•243 


.368 

•t >54 


Butter 

.003 

.910 


.060 

.021 


IV. Pods or Legumes. 



Starch 



i 

Beans 

•25 

.020 

•52 

•125 

•035 

.060 

Peas 

.217 

.019 

•577 

.12 

.028 

.032 

Peanuts .... 

.2947 

•465 

.162 

.02 

.028 

•043 

V. Grains. 





j 


Wheat flour (white) 

.1 10 

.020 

•703 

.150 

.017 

.003 

Wheat bread . . 

.oSo 

.015 i 

.490 

.400 

.012 

.003 

Oatmeal .... 

.126 

.056 1 

.630 

.150 

.030 

.016 

Maize (corn) . . 

.100 

.00 7 

.706 

•'35 

.014 

.015 

Rice 

.050 

.008 

.832 

.100 

.005 

.040 

VI. Vegetables. 







Potatoes .... 

.012 

* ,001 

•205 

.767 

.009 

.006 

Cabbage .... 

.02 

.030 1 

.058 

.910 

.007 

.015 
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Studies based on Table. — What nuts are rich in proteids ? What 
fruits? What animal foods ? What legumes ? What grains? What foods 
are rich in fats ? What are rich in carbohydrates ? Which grains have 
much starch? Which nut? Which fruits have much sugar? A family 
was living chiefly on corn bread, potatoes, syrup, cakes, and sweetmeats : 
what two of the four food stuffs were deficient in their diet? Another 
family lived chiefly on fat pork, bread, rice, vegetables, and fruit : which 
food stuff was deficient ? A dozen eggs weigh 1 1 lb. Which give 
cheaper nourishment, eggs at 15 cents a dozen or beef at 15 cents a 
pound? Which is cheapest among the foods abounding in proteid? 
Fat ? Carbohydrates? Which is cheaper food, a pound of beef at 20 
cents or a pound of pecans at the same price? (Fig. loi.) What food 
contains most water? Least water? Which of the foods abounding in 
proteid is costliest? Cheapest? Notice that nearly all foods contain- 
ing much proteid are costly. Water and woody fiber are not counted 
as nutriment. What weight of nutriment in i oz. of cow’s milk ? If a 
quart of whole milk costs 12 cts., what is a quart of skimmed milk 
worth ? 

How the Right Proportions of Fuel Foods and Proteid are reached by 
Different Nations. — Milk has an excess of nitrogen, and oatmeal an 
excess of carbon; oatmeal and milk form a popular food with the 
Scotch. Potatoes are mostly starch and water, and an Irishman who 
tried to live on potatoes alone would have to eat seven pounds a day 
to get enough proteid. The Irish j)easant kee])s a cow and chickens ; 
by eating milk and eggs he gets along on half the amount of potatoes 
named above. The Mexicans eat bread made of corn meal, and supply 
the proteid by using beans as a constant article of diet. Hundreds of 
millions of people in Asia (the Hindus, Chinese, and others) subsist 
mainly on rice, which contains only five per cent of proteid and no fat ; 
the chief addition they make is butter, or other fat, and beans, which 
contain vegetable proteid. 

Outline of Digestion. — The food is made soluble in the 
alimentary canal and is absorbed by the blood vessels and 
lymphatics in its walls. This canal is about thirty feet 
long (Figs. 89, 90) and consists of — 

(1) The mouth, where the food remains about a minute, 
while it is chewed and mixed with the saliva ; the saliva 
changes a portion of the starch to malt sugar. 

(2) The gullet, a tube nine inches long, running from 
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mouth to stomach and lying in front of the sp inal 
column. 



Fig. 89. — Organs of Trunk 
from the side. 


Z, larynx; thyroid gland; T, trachea; 
St, breastbone ; C, heart ; D, dia- 
phragm ; F, liver ; E, stomach ; /, 
intestine ; Co, colon ; R, rectum ; 
V, bladder. 

Question: Parts of which organs are far- 
ther back than spinal column? Com- 
pare this figure with colored Fig, 6. 


Illustrated Study of Food Tract. 



Fig. 90. — Digestive Organs, from the 
front (liver turned up), 

I, gullet ; 2, stomach ; 3, spleen ; 4, pancreas ; 
5, liver (turned upward) ; 6, gall bladder; 
7, 8, 9, small intestine; 9', junction of small 
with large intestine ; 10, caecum (blind sac) ; 
II, vermiform appendix; 12, 12', 12", ascend- 
ing, transverse, and descending colon ; 13, 
rectum (straight) just below S-shaped flexure 
of colon. 

Question: Compare with Fig. 89, and colored 
Fig. 6. 


(3) The stomach, a large pouch where the food is stored, 
and from which it passes in the course of several hours, 



human biology 


98 . 

having become semi-liquid, and the proteids having been 
partly digested by the gastric juice^ an acid secretion from 
the small glands in the stomach walls. 

(4) The small intestine, a narrow tube more than twenty 
feg i long , where the fats are acted uporTfSTth^rst time, 
and where the starches and proteids are also acted upon, 
and where, after about ten hours, the digestion of the 
three classes of foods is completed by pancreatic juice 
from the pancreas, and bile from the live 7 \ 

(5) The large intestine, about five feet long, where the 
last remnant of nutriment is absorbed, and the indigestible 
materials in the food are gathered together (Exp. 9). 

The Teeth. — The main body 
of the tooth consists of bone- 
like dentine, or ivory. Hard, 
shining enamel protects the 
crown, or visible portion. The 
part of the tooth beneath the 
gum is called the neck, and the 
part in the bony socket is called 
the root. The enamel ends just 
beneath the gum, where it is 
overlapped by cement of the 
root. There is a pulp cavity 
in every tooth (Fig. 91); it 
contains pulp made up of con- 
nective tissue, with nerves and 
blood vessels which enter at the 
Fig. 91. — Canine Tooth cut tip of the root (Exp. 6). 

LENGTHWISE. -TU ^ r i. • 

The temporary set of teeth is 
completed at about two years of age and consists of twenty 
teeth. The teeth cannot grow as the jaw grows, and soon 
a larger and permanent set starts to growing deeper in the 




FOOD AND DIGESTION 


99 


jaw. At the age of twelve ot thirteen years all the 
permanent set have appeared except the four wisdom 
teeth, which appear between the ages of seventeen and 



Fig. 92. — The Permanent Teeth in right half of lowf. jaw. 


twenty-five. The second set not only replaces the twenty 
of the first set, but to fill the larger jaws twelve molars are 
added, three at the back in each half jaw, making thirty- 
two teeth in the second set (Exp. 

7). The teeth in each quarter of 
the mouth, named in order from 
the front, are : two incisors^ one 
canine^ two premolars, three molars. 

Care of the Teeth. — The best 
way to care for the teeth is to 
keep the digestion perfect. Perfect 
digestion tends to preserve the 
teeth, and sound teeth tend to 
keep the dige.stion perfect. The teeth should be washed 
regularly. Prepared chalk is the best dentifrice. Do not 
rub across, but from gums to teeth, to prevent rubbing the 
gums loose from the teeth. An unclean brush may har- 
bor germs. Toothpicks and dental floss are useful. If 
one. eats only soft food, in which the mill and the. 
cooking stove have left no work for the teeth, the teeth 
will decay; for it seems to be a law of nature that 
useless organs are removed. The pressure from cheiving 



Fig. 93. — UrPKR Jaw with 
Teeth. 
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hard food is an aid to the teeth by helping the circulation 
and nerves in the pulp. To take a very hot or very cold 
drink into the mouth may cause the enamel to crack. If 
a tooth aches, or a small decayed place is found in it, a 
dentist should be consulted at once. A tooth is so valu- 
able to the health that no tooth should be extracted when 
it can be saved. 

The process of digestion consists in liquefying the food 
that it may pass through the walls of the food tube into 
the blood, and through the walls of the blood vessels into 
the tissues. It is accomplished: (i) by mechanical means, 
including the chewing muscles, the teeth, and three layers 
of muscles in the walls of the food tube; (2) by chemical 
means, or the action of alkalies and acids upon the food ; 
(3) by organic agency, or the action of ferments. A 
ferment (or enzyme) is a vegetable substance which has 
the power of producing a chemical change in large quanti- 
ties of substance brought in contact with it, without being 
itself changed. There is one ferment secreted in the mouth, 
two in the stomach, and three in the small intestine. 

Digestion in the Mouth. — Saliva is formed by six glands : 
one in the cheek in front of each ear, one at the angle of 
each lower jaw, and one pair is beneath the tongue. Each 
gland opens into the mouth by a duct. Saliva is ropy 
because it is mixed with mucus formed by the mucous 
membrane lining the mouth ; it usually contains air bub- 
bles. There is a ferment in the saliva called ptyalin, which 
has the power of changing starch to malt sugar. If a bit 
of bread is chewed for a long time, it becomes sweet, 
because some of the starch is changed to sugar. The flow 
of saliva is caused by chewing, or by the sight, or even the 
thought, of agreeable food. Dryness of food is by far 
more powerful than anything else in causing the saliva to 
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flow. Saliva is secreted only one fourth as fast when ea^ 
ing oatmeal and milk as w hen eating dry toast (Fig. 94). 



P'lG. 94. — Cells of a Salivary Gland 

At after rest, full of granules : B, after short activity ; C, after prolonged activity, cells 
shriveled and granules lost. 


Starchy grains and fruits were eaten by early man without cooking, 
and required more chewing than sweet, ripe fruits or oils or proteids. 
Hence the saliva was given the power of acting upon the starch, for 
it must remain in the mouth longer. The saliva is alkaline; and if 
the food is not thoroughly mixed with it, the stomach digestion will 
also be imperfect, for the alkaline saliva is necessary to excite an 
abundant flow of gastric juice in the stomach (Exp. i). 

Eating slowly is difficult because of the grinding and cooking of 
food ; hence the common practice of overeating. To eat slowly (i) do 
not take large mouthfuls ; (2) do not take a second morsel until the 
first has been swallowed ; (3) sit erect or lean back after putting food 
into the mouth ; (4) the hands should lie idle most of the time. To 
lean forward and keep food traveling to the molith like coal into a 
chute means overeating with all its bad effects. 

Chewing gum is a coarse and impolite habit, and wastes the saliva, 
besides weakening the glands and irritating the stomach by the saliva 
that is continually swallowed. Chewing tobacco has several of these 
disadvantages, besides allowing the poison in the tobacco to be absorbed 
by the mucous lining of the mouth. 

The pharynx (far'inks), or throat, is a muscular bag sus- 
pended behind the nose and mouth. (See Fig. 89, also 
Fig. 83.) There are seven openutgs into the pharynx : two 
from the nostrils, two from the ears, one each from the 
mouth, larynx, and gullet Which of these openings are 
downward } Forward } Lateral ? 

The gullet (or esophagus) is a muscular tube about nine 
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inches long. (See Fig. 89.) Like the rest of the food tube, 
it is lined with mucous membrane. It has two layers of 
muscles in its walls, the fibers of one layer running length- 
wise, and the fibers of the other layer being circular. In 
swallozving, the food does not fall down the gullet of its 
own weight, but the circular bands of muscle in front of the 
food relax ^ and those behind it contract and push it on into 
the stomach. This wavelike motion is called peristalsis. 
The stomach, the greatest enlargement of the food tube, 
is like a large bag lying sideways. It lies to the left 

side of the abdomen. The 
walls of the stomach con- 
sist chiefly of muscular 
fibers ivhich run lengthwise ^ 
crosswise y a n d sla n tzviscy 
making three coats (Exp. 
7, also Fig. 95). As soon 
as the food reaches the 
stomach, the layers of 

muscles begin to contract, 
^ 3 

changing the size of the 
stomach, first in length, 
then in breadth, thus 
churning the food to and 
fro, and mixing it with the 
gastric juice, a fluid more 
active than the saliva. For 
as the food enters the stom- 
ach, the mucous membrane lining it turns a bright red, 
and many little gastric glands in the lining begin to 
secrete gastric juice. 

Digestion in the Stomach. — The stomach churns the 
food from two to four hours after the meal, according to 



Fig. 95. — Muscular and Other 
Layers in Wall of Si'cmach. 

1, mucous lining ; 2 , layer of blood vessels 
and connective tissue ; 3, muscular 

layers (involuntary muscles) ; 4, con- 
nective-tissue fibers, (Peabody.) 
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■ the kind of food eaten, the way it has been cooked, and 
the thoroughness with which it has been chewed. The 
gastric juice is chiefly water, and contains two ferments 
called pepsin and rcnnin^ and a small quantity of hydro- 
chloric acid. Rennin acts upon the curd of milk, and is 
abundant only during infancy. Hydrochloric acid kills 
germs that may enter the stomach, and changes the food 
which has been made alkaline by the saliva into an acid 
condition (Exp. i). This enables the pepsin to act upon the 
proteid part of the food, for pepsin will not act while the 
food is alkaline. Gastric juice digests lean meat, which is 
a proteid food, by first dissolving the connective tissue that 
holds the fibers in place, and they fall apart ; it then acts 
upon the fibers separately and makes them soluble. Like 
human fatty tissue (Fig. 14), fat meat consists of cells 
filled with fat and held together by threads of connective 
tissue. The cell walls and the threads, both being proteid, 
are soon dissolved by the gastric juice, and the free fat is 


melted into oil, but still undigested. 
The food is reduced in the stomach to 
a creamy, half-fluid mass called chy^ne. 
Where the stomach opens into the 
small intestine, there is a folding in or 
narrowing of the tube so as to form a 
kind of valve called the pylorus. After 
the food has been changed to chyme, 
this fold relaxes every minute or two, 
and allows some of the chyme to 
escape into the intestine. 

The small intestine is about one inch 



in diameter and twenty feet long, with 
many coils and turns in its course (Fig. 
90). Its mucous lining is wrinkled into 


Fig. 96.— a Portion 
OF Small Intes- 
TINE cut open to show 
the folds in its lining. 



numerous 7^4^ in order to increase the secreting and 
absorbing surface (Fig. 96 ). On and between the folds 
are thousands of little threadlike 




projections called (Fig. 97). 

In each villus are found fine capil- 
laries and a small lymphatic called 
a lacteal (colored Fig. 2). The villi 
are so thick that they make the 
lining of the intestine like velvet, 

Small Intestine enormously increase the absorb- 

magnified, showing villi }ng surface. 

and mouths of intestinal ... 

glands. Digestion in the Small Intestine. — 

This is by far the most active and 
important of the digestive organs. The mouth digests 
a small part of the starch, and the stomach digests a 
small part of the proteid; the small intestine digests 
most of the starchy most of the protcidy and all of the 
fats. The food is in the mouth a few minutes, and in the 
stomach two or three hours ; it is in the small intestine ten 
or twelve hours. Thefe are thousands of small glands 
called intestinal glands that open between the villi (Fig. 
97) and secrete the intestinal juice, which digests cane 
sugar. Besides these, there are two very large and active 


glands, the pancreas and liver, which empty into the 
intestine by ducts. 

The Pancreas. — The small intestine is the most impor- 
tant of the digestive organs, chiefly because it receives the 
secretion from the pancreas, the most important of diges- 
tive glands. The pancreas is a longy flaty pinkish gland 
situated behind the stomach (see Fig. 90). The pancreatic 
juice contains three powerful fermentSy one of which (amy- 
lopsin) digests the starches, another (trypsin) digests pro- 
teids, and the third (steapsin)^ with the aid of the bile. 
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I Sm«ll 

^ Intestine kiK\ 


breaks tip the fats into tinj globules. Fat in small glob- 
ules loating in a liquid is called an emulsion; fresh milk 
is an emulsion of cream (Fig. 98). Fat is not changed 
to another substance 
by digestion, but it is - U\ 

emulsified, and in this [ Colon ||\ ^ 

condition it readily 
passes through the |i - 

walls of the intestines I 11 ^ 

and is absorbed by 
the lymphatics called i \\ 

lacteals (colored Fig. i 
5) found in the villi. * 11 

It then ascends Jh 

through the thoracic / \\ 

, , . ^^S^MB^B^^FvERMIFORM APPENDIX \\ 

duct to a large vein 

at the left side of the 98. -Junction of Largk and 

Small Intestine. 

neck (Fig. 100). The 

digested proteid, starchy and sugar pass into the capillaries 
of the portal vein^ a 7 td go to the Iwcr on their way to the 
general circulation (Fig. icx)). The portal circulation 
empties into the large ascending vein leading to the 
right auricle (Fig. 100). 


VERMIFORM APPENDIX y 

Fig, 98. — Junction of Large and 
Small Intestine. 


The Liver. — This large, chocolate-colored gland is located just 
beneath the diaphragm on the right side (Fig. 90, colored Fig. 6). It 
is on a level with the stomach, which it partly overlaps in front. The 
liver has three important functions: (i) It is a storeroom i digested 
sugar and starch are stored in it as a substance called liver starch (or 
gly'cogen). (2) It is a guardian^ and destroys poisonous substances 
which may be swallowed, and which would otherwise enter the blood. 
Twice as much morphine or other poison is necessary to kill a man 
when it is taken by the mouth and passes through the liver as when it 
is injected through the skin. Alcohol, morphine, coffee, and drugs are 
partly burned up in the liver. ( 3 ) It is a gland^ dcaA secretes bile. 
The bile is made chiefly from waste products and impurities in the 
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blood; it is an excretion. Although an excretion, , it is of use on its 
way out of the body. It is alkaline and helps to neutralize the acid in 
the chyme ; it excites the peristalsis, or wavelike motion, of the intes- 
tines, and it aids the pancreatic juice to emulsify the fats. 

The large intestine, or colon, is about two and one half 
inches in diameter and five feet long. T/^e small intestme 
jovis it in the lozver right side of the 
abdomen (Fig. 90). There is a fold, 
or valve, at the juncture, and just 
below the juncture there is a tube 
attached to the large intestine, called 
the appendix y which sometimes be- 
comes inflamed, causing a disease 
called appendicitis (Figs. 90, 98). 
The appendix is a vestigial {vestU 
giuniy trace) or rudimentary organ, 
long since useless. Absorption of 
the watery part of the food continues 
in the colon, but the colon secretes no 
Fig. 99. — Diagram of digestive fluid. The undigested and 

Trunk to show the innutritions parts of the food are regu- 

many folds of the fkri- 

TONEUM supporting the lurly cast out of the colon. 1 The peru 

hver, stomach, and in- is a membrane with many folds 

that supports the food tube (Fig. 99). 

Absorption. — The way in which the various digested 
foods are absorbed has been stated in several preceding 
topics. What is the name of the organs of absorption in 
the small intestine } Which of the following pass into the 
lacteals, and which into the capillaries of the portal vein : 
sugar, digested proteid, emulsified fats } Water and salt 
need no digestion, and are absorbed all along the food 

^ No truly refined person will allow business, pleasure, haste, or neglect to 
interfere with regular attention to emptying the colon. This is more neces* 
sary for real cleanliness than regular baths. 
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tube, the absoj;ption beginning even in the mouth. What 
reasons can you give for the absorption of food being 
many times greater in the small intestine than in the 
stomach Through what large tube is the fat carried in 
passing from the lacteals to the 
veins } Into what large vein do all 
the capillaries that take part in ab- 
sorption empty ? (Colored Fig. 5.) 

What is the provision for storing 
the sugar so that it will not pass 
suddenly into the blood after a 
meal, but may be given to the blood 
gradually ? Food is assimilated, or 
changed into living matter (proto- 
plasm), in the cells. Blood and 
lymph (except the white corpuscles) 
are not living matter. (Fig. 100.) 

Thought Questions. The Digestive 
Organs. — 1. In which of the digestive 
organs is only one kind of secretion fur- 
nished by glands? 2. In which organ 
are three kinds of secretions furnished by 
glands? 3. Which class of food goes 
through the lymphatics ? 4. Which classes of foods go through the 

liver ? 5. Which classes of foods are digested in only one organ ? 

6. Which classes of foods are digested in two organs ? 7. Which 
division of the food tube is longest ? Broadest ? Least active ? 
Most active ? 8. Soup is absorbed quickly ; why does eating it at 
the beginning of a meal tend to prevent overeating? 

Hygienic Habits of Eating. — In hot weather much 
blood goes to the skin and little to the food tube, and di- 
gestion is less vigorous. Hearty eaters suffer from heat 
in summer because of much fuel, and because the blood is 
kept away from the skin where it would become cool and 
then cool the whole body. Some persons believe that the 



Fi(i. 100. — The Two 
Paths of Food Absorp- 
riON. Thoracic duct (for 
fats) ; through the portal 
vein and liver (for all 
other foods). 
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stomach should be humored and given nothing that it di- 
gests with difficulty ; others believe that it should be gradu- 
ally trained to digest any nutritious food. Some believe that 
no animal food should be eaten ; others believe that animal 
food is as valuable as any. Some believe that all food 
should be eaten raw, but this would irritate a delicate 
stomach. It is doubtless best to use no stimulant, either 
tea or coffee, pepper or alcohol. Some eat fast and drink 
freely at meals ; it is better to eat slowly and drink very 
little or none at all while eating, nor soon afterwards. 
Some eat five meals a day, and between meals if anything 
that tastes good is offered them ; others eat only two or 
three meals a day, and never between meals, thus allow- 
ing the digestive organs time to rest. Some omit break- 
fast and some omit supper. Some prepare most of the 
food with grease ; this is a tax upon digestion. Physical 
workers often believe in eating the peelings and seeds of 
fruits, and partaking freely of weedy Vegetables, such as 
cabbage, turnip tops, string beans. Mental workers usually 
try to reject all woody fiber and indigestible pulp from the 
food before swallowing it. Some eat large quantities ' of 
food and digest a small portion ; others eat little but digest 
nearly all. 

The Power of Adaptation of the Digestive Organs. — Of course 
some habits of eating are better for the health than others, yet the un- 
desirable ways often bring so little injury that they are not discontinued. 
This shows that the food tube has great powers of adaptation to dif- 
ferent conditions. But there are limits to this adaptation ; there is an 
old saying that what is one man’s meat is another man’s poison. A 
brain worker cannot follow the same diet as a field hand without work- 
ing at a disadvantage. An irritable stomach may be injured by coarse 
food that would furnish only a healthful stimulus to a less sensitive one. 
A business man who has little leisure at nOon should take the heaviest 
meal after business hours. In general, it may be said that it does not 
make so much difference what is eaten as how it is eaten, and how 
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much is eaten. There is a common tendency to exaggerate the im* 
portance of dietetics. 

Thought Questions. Indigestion. — I. A Fe^id Breath, 1. Name 
three causes of bad breath. 2. Let us investigate whether indigestion 
could cause a bad breath. In what kind (two qualities) of weather 
does meat spoil the quickest? 3. Suppose that meat or other food is 
put into a stomach with its gastric glands exhausted and its muscular 
walls tired out, what will be the rate of digestion, and what might hap- 
pen to the food ? 4. Odorous contents of the stomach (e,g. onion) 
can be taken by the blood to the lungs where it will taint the breath. 

After answering the above questions, write in a few words how indi- 
gestion may cause a bad breath. 

II. A Coated or Foul Tongue, 1. When the doctor visits you, at 

what does he first look ? 2. What sometimes forms on old bread ? 
(p. 158.) 3. Do you think such a growth possible on undigested 

bread in the stomach ? 4. The microscope shows the coating on the 
bread to be a growth of mold. If it forms on the walls of the stomach, 
it may extend to what ? 

III. Stomach Ache. 1. How can you tell whether fruit preserved 
in a sealed glass jar is fermenting ? 2. What connection is there be- 
tween belching after eating too freely of sweet or starchy food, and the 
observation above ? 3. A muscle gives pain when it is stretched. 
Why does belching sometimes give relief to an uneasy stomach ? 
4. Can you, by using these facts, explain a cause of stomach ache ? 

For what Kind of Man were the Human Digestive Organs created ? — 
That food is best to which the food tube has been longest accustomed. 
It would be of the greatest value as a guide to diet if we knew the food 
eaten by early man during the many ages when he led a wild life in the 
open air. The organs of early man were doubtless perfectly adapted to 
the life he led. The food tube is adapted to the needs of those long 
ages, for a few centuries of civilization cannot change the nature of the 
digestive organs ; yet some people disregard natural appetites and try 
to force the digestive organs to undergo greater changes in a few 
months than centuries could bring about. 

To test whether an Article of Food belonged to Man’s Original Diet. 
— Scientists agree that the human race began in a warm country; 
that early man was without gristmills^ stoves,, or fi} e, Und ate his food 
raw. If an article of food is pleasant to the taste in its raw, pure state, 
there is little doubt that it, or a similar food, was eaten by primitive 
man before he knew the use of fire in preparing his food. Apply this 
test to the following foods, underlining those foods that pass the test : 
apples, bananas, lettuce, turnip greens, tufnips, fruits, nuts, beef, fowls, 
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Bananas 




eggs, oysters, green corn, cabbage, pork, 
watermelons, grains, crabs, fish, white or 
Irish potatoes, yams, tomatoes. 

The Order in which Man increased his Bill 
of Fare. = — Flesh-eating animals have a short 
food tube, as their food is digested quickly ; 
they have long, pointed teeth for tearing, sharp 
claws for holding, and a rough tongue for rasp- 
ing meat from the bones. Man’s even teeth, 
long food tube, soft and smooth tongue, and 
flattened nails, indicate that he is suited for a 
diet largely vegetable (see Table, p. iii). The 
race at first probably ate tree fruits^ both nuts 
and fleshy fruits (Fig. loi). Because of 
famine, or after migration to colder climates, 
and after learning the use of fire, the race prob- 
ably began to use flesh for food. Afterward 
the hunters became farmers and learned to 
cultivate grain, which formed a most important 
addition to the food supply, and made possible 
a dense population. Coarse, woody foods, like 
the leaves and stems of herbs, were probably 
added last of all. Woody fiber (cellulose) can 
be digested by cattle, but it cannot be digested 
by man. 

The Natural Guide in Eating is Taste. 

Man should preserve his taste uncorrupted as, 
next to his conscience, his wisest counselor 
and friend. It has been developed and trans- 
mitted through countless ages as a precious 
heritage. Simple food is more delicious to 
people with natural tastes than the most arti- 
ficial concoctions are to those with perverted 
taste. 

Animal Food. — The flesh of animals 
furnishes proteid and fat (Fig. 102). 
As cooking coagulates and hardens 

^ See Genesis i. 29. Some raw food should be 
eaten daily. Pecans are the most digestible of all 
nuts, A half dozen or more eaten regularly for 
breakfast will prevent constipation or cure it in ten 
days or less. 
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albumin, raw or half-cooked meat is said to be more diges- 
tible than cooked meat; but meat that is not thoroughly 


X. sirloin 

2 . loin 

3. rump 

4. round 

5. top sirloin 

6. prime ribs 

7. blade 

8. chuck 

9. neck 
xo. brisket 
XX. cross-rib 

12. plate 

13. navel 

14. flank 

15. shoulder 
16 leg 

Fig. 102. — Diagram showing Cuts of Beef. 

cooked is dange"rous because it may contain trichinae 
(‘‘Animal Biology,” p. 50) and other parasites. Lean meats 
contain much proteid. Some persons who cannot easily 
digest starch and sugar because of fermentation eat fat 
for a fuel food. Beef tea and beef extracts contain but a 
small part of the proteid in meat and all of the waste 
matter, including urea. 



Mammals 

COMPAKED 

Carnivora, or 

FLESH-EATERS 

, Herbivora, or 

HERB- EATERS 

Omnivora, or 

ALL-EATHRS 

Frugivora, or 

FRUIT- EATERS 

Examples. 

Cat, dog, lion. 

Cow, horse. 

Hog, peccary. 

Man, monkey. 

Length of 
food tube. 

3 times length 
of body. 

30 times length 
of body. 

10 times length 
of body. 

12 times length 
of head-trunk. 

Teeth, 

Pointed for 
tearing flesh. 
Canine teeth 
long. 

Layers of 

enamel and 
dentine form- 
ing ridges. 

Cutting teeth 
project. Ca- 
nines form 

tusks. 

Teeth js^en, 
close together. 
Canines not 
projecting. 

Digits. 

Sharp claws. 

Hoofs. 

Hoofs. 

Flattened nails. 

Colon. 

Smooth. 

Sacculated. 

Smooth. 

Sacculated. 
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Milk of cows is improperly called a perfect food by some writers. 
Although it contains the four classes of food stuifs, the proteid is in ex- 
cess, the fuel food being deficient. Buttermilk is more digestible than 
sweet milk. Buttermilk and sugar form a valuable food for infants. 
Skimmed milk still contains the proteid, the most nutritious part of 
the milk. Sour milk, or clabber,^’ and curds pressed into cottage 
cheese ” are more digestible than sweet milk. Cream is more easily 
digested than butter^ which is a solid fat. Cheese is a very concentrated 
proteid food, and should be eaten sparingly. Eggs are a valuable food. 
Is there more proteid or fat in eggs ? (See Table.) Pork and veal 
are the most indigestible of meats. Fish is nearly as nutritious as meat. 
There used to be a supposition that fish nourished the brain because 
it contains phosphates ; but there are more phosphates in meat than 
in fish, and more in grains than in meat. 

Grains contain considerable proteid (gluten), but they especially 
abound in starch. Wheat flour contains more gluten than corn meal, 
hence it is more sticky, and retains the bubbles of gas so that the 
dough rises well in bread making. Eggs are sometimes added to 
corn meal to make it sticky and cause it to rise w^ll. Which grain has 
the largest percentage of oil? (See Table.) Of starch ? Of gluten? 
Which is poorest in gluten? Grains may be made to resemble fruit 
by long cooking at a high temperature (300° Fahr.), for their starch is 
thus, changed to dextrin^ a substance resembling sugar. You learned 
that the starch of fruit is turned into sugar as the sun ripens it. Dex- 
trin is yellow and gives the dark color to toasted bread. It is changed 
to sugar almost instantly when brought in contact with saliva. It is 
used as a paste on postage stamps. 

Vegetables contain much water and woody fiber. White potatoes are 
underground stems and are one fifth starch. Yams, or sweet potatoes, 
resemble roots, and contain both starch and sugar. Beans and peas 
are very nutritious. They have been called ‘‘ the lean meat of the 
vegetable kingdom.” They require boiling for several hours. If the 
skins are Removed by pressing them through a colander, they are very 
ealsy of digestion. This purle of beans makes delicious soup. Hull- 
less beans ” and “ split peas ” are also sold by grocers. 

Practical Questions. — 1 . Clothing and shelter for man or 
beast economize what kind of food? 2 . Why should bread remain 
longer in the mouth than meat? 3 . In snowballing, what is the ap- 
pearance of the hands when they itch from cold? Extreme cold irri- 
tates and congests the stomach more quickly than it does the hands. 
Why is it that ice water does not satisfy the thirst, but often produces 
a craving to drink more water? 4 . Should biscuits having a yellow 
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tint or dai*k spots due to soda be eaten or thrown away? 5. Why, 
during an epidemic, are those who have used alcohol ac a beverage 
usually t|ie first to be attacked? 6. Do you buy more wood (cellulose) 
whei* you buy beans or when you buy nuts? (p.9S.) 7. Do you buy 
more water when you buy bread or when you buy meat? 8 . Why do 
people who live in overheated rooms often have poor appetites? (p. 90.) 
9. Explain how the stomach may be weakened by the eating of predi- 
gested foods. 10. Why are deep breathing and exercises that strengthen 
weak abdominal walls better for the liver than are drugs? (See p. 58.) 
11. Sixty students at the University of Missouri found by doing with- 
out supper that their power to work was greater, their health better, 
and many of them gained in weight. So they ate only two meals 
thereafter. If sixty plowboys tried the experiment, would the result 
probably have been ihe same? 12. If a person began eat less at 
each meal, or only ate one meal a day, yet gained in weight, should he 
agree with a friend who told him he was starving himself ? Should he 
agree if, instead of gaining, he lost weight? 13. Wh}/ is half-raw or 
soggy bread harder to digest than the raw grain itself ? Which would be 
thoroughly chewed and cause a great flow of saliva ? 14. Ask a fat person 
whether he drinks much water. A lean person. 15, Why is one whose 
waist measures more than his chest a bad life insurance risk ? 16. What 
changes in habits tend to make a rheumatic middle-aged person more 
youthful? 17. How is the ingenious fireless cooker ” constructed? 

Atwater’s Experiments with Alcohol. — A few years ago 
Professor Atwater proved that if alcohol is taken in small 
quantities, it is so completely burned in the body that not 
over two per cent is excreted. He inferred that it is a 
food, since it gives heat to the body and possibly gives 
energy also. His experiments did not show whether any 
organ was weakened or injured by its use. As alcohol is 
chiefly burned in the liver, it probably cann4| supply 
energy as is the case with food butned in nerve cell and 
muscle cell. The heat supplied by its burning is largely 
lost by the rush of blood to the skin usually caused by 
drinking the alcohol. Dr. Beebe, unlike Professor Atwater, 
experimented upon persons who had never taken alcohol, 
and whose bodies had not had time to become trained to 
resist its evil effects. He found that it caused an increased 
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excretion of nitrogen. When the body became used to it, 
this decreased, but the proteid excreted by the kidneys 
contained an abnormal amount of a harmful material called 
uric acid. Uric acid, a substance which is present in 
rheumatism and other diseases, is usually destroyed by 
the liver. As the burden of destroying the alcohol falls 
chiefly upon the liver, it is not surprising to find that it is 
so weakened and injured by alcoholic drink that it cannot 
fully perform its important functions. Bright’s disease 
and other diseases accompanied by uric acid are more 
frequent among persons who use alcoholic drinks. 

Definition of Food. — A food is anything which, after being absorbed 
by the body, nourishes the body without injuring it. Does alcohol or 
tobacco come within this definition? 

Advantages of Good Cooking. — Taste and flavor may be developed ; 
parasites are killed ; taste may be improved by combining foods ; starch 
grains are burst and the food softened. Thus digestion is aided. 

Disadvantages of Bad Cooking. — Proteid foods are hardened ; flavors 
may be driven off ; too many kinds of food may be mixed ; cooked 
vegetables are more likely to ferment than raw vegetables ; palatable 
food may be made tasteless or soggy or greasy ; soda and other indiges- 
tible ingredients may be added ; food may be so ihghly seasoned as to 
cause catarrh of the stomach ; it may so stimulate the appetite that so 
much is eaten as to overload the stomach. Food may be made so soft 
that it cannot be chewed and is eaten too rapidly; for instance, bread 
shortened with much grease. 

The Five Modes of Cooking. — Food may be cooked (i) by heat 
radiating from glowing coals or a flame, as in broiling; (2) by hot 
air, as baking in a hot oven ; (3) by boiling in hot water or grease, as 
frying; (4) by hot water, not boiling, as in Stewing; (5) by steaming. 

Radiant Heat. — Toasting bread and broiling meat are examples. 
The meat should be turned over every ten seconds to send its juices 
back and forth, thus preventing their escape, and broiling the meat 
in the heat of its own juices. Roasting is an example of this 
method combined with the second method. The fire should be hot at 
first in order to sear the outside of the meat and prevent the escape of 
its juices. If the piece roasted is small, the hot fire may be kept up ; 
but if it is large, a longer time is required, and the fire should be 
decreased, otherwise the outside will be scorched before the central part 
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t«?Conies heatf d. White, or Irish, ootatoes roasted with their skins on 
best retain their flavor as well as valuable mineral salts (potash, etc.)* 

CobJdng by hot air can only be used with moist foods. Baking is an 
example. Foods only slightly moist are made hard, dry, and unpalatable 
if cooked by this method. 

Cooking by Boiling. — To boil potatoes so as to make them mealy 
instead of soggy, the water should be boiling when they are put in, and 
after they are cooked the water should be poured off and the pot set on the 
back of the stove for the potatoes to dry. Boihng owo//s drives off the 
acrid, irritating oil. Rapid boiling of vegetables gives less time for the 
water to dissolve out the nutrients. (See Steaming.) Raw cabbage is 
treated by the stomach as a foreign substance, and sent promptly to the 
intestine ; cabbage boiled with fat may remain in the stomach for five 
hours. Instead, it should be boiled in clear water for twenty minutes. 
Beans and peas require several hours’ boiling. 

Cooking in hot liquid below the boiling point is better than boiling. 
In frying meat, it should be put in hot grease that a cinst may be formed 
to prevent the grease from soaking in. Grease much above boiling point 
becomes decomposed into fatty acids and other indigestible products. 
Hence butter is more digestible than cooked fats. In whatever way 
meat is cooked, it should never be salted until the cooking is finished 
or the salt will draw out the juices which flavor it. Eggs may be 
cooked by placing them in boiling water and setting the kettle off the 
stove at once to cool. A finely minced hard-boiled egg is as digestible 
as a soft-boiled egg. Since boiling for more than a very few minutes 
coagulates and hardens albumin, there is no such thing as boiling meat 
without making it tough and leathery throughout. It may be stewed, 
a process which belongs to the next method. 

In stewing meat ^ it may be plunged into boiling water for a few min- 
utes ; this coagulates the albumin on the surface. The fire should then 
be reduced, or the vessel set on the cooler part of the stove, or a metal 
plate should be placed beneath it, that the water may barely simmer. 
The water should show a temperature of 185'’ or 190° if tested with a 
thermometer. A piece of meat cooked in this way is tender and juicy. 

Cooking by steam requires a double vessel or a vessel with a per- 
forated second bottom above the water, through which the steam may 
rise to the food th^t is to be steamed. Stea^ned vegetables have a better 
flavor and are more nutritious than those cooked in any other way. A 
steamer is different from a double boiler. Oatmeal should be cooked 
for at least forty minutes, and it is more digestible if steamed for several 
hours until it is a jelly. To do this, it may be cooked during the prepa- 
ration of two meals. Cooking that leaves it lumpy and sticky is a dis- 
advantage, and makes it more likely to feitnent than if eaten raw. 
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Thought Questions. Cooking.— 1 . . In making soup, why 
should the meat be put in while the water is cold? 2 . In roasting 
meat, why should the oven be hot at first, and more moderate after- 
ward? How should you regulate the temperature in boiling or stewing 
meat? 3, What happens to salt or anything salty on a cloudy, damp 

day? This is because the salt attracts . This shows that meat 

should not be salted until after it has been cooked, because if salted be- 
fore . 4 . Very tough meat should be b — ed or st — ed. 5 . Meat 

may be prevented from becoming grease-soaked when frying by having 
the grease very , use very , simply greasing the . 

6. Bread. Bread crust causes the to be used more and cleans 

them. It will not together in the stomach like the crumb. It 

increases the quantity of the , and is more digestible than the 

crumb, since the has been changed by slow heat to (p. 

1 12 ). Therefore loaves or biscuit should be (large or small ?) and they 
should (touch or be separated?) in a pan. 7. How can you tell 
whether the oven has been too hot while the bread was baking? 8. 
Why can you tell best about the digestibility of bread when you are 
slicing it? 9. Regulating the heat is the greatest art of the cook. 
How may^the temperature of the oven be lowered by means of the 
damper? The draft? The fuel? 

Exercises in Writing. — Story of a Savage who went to dwell in 
a City (his trouble with artificial ways). Is it easier to learn Physi- 
ology or to practice it? How to make Bread. Describe People seen 
in an Audience (tell what their appearance suggests). A Scene at a 
Dinner Table. Thoughts of a Physician on his Round' of Visits. 
A Good Cook. A Bad Cook. Is Cooking a Greater Accomplishment 
than Piano Playing? Common Causes of Illness. The Influence of 
Imperfect Digestion upon the Other Organs. Effect of Lack of 
Muscular Activity. The Way of the Transgressor is Hard. What 
Fools we Mortals be! Health Fads, Temperance in all Things. 
The Right Way the Easiest. Looking Back. Looking Forward. 
Hygiene of the Schoolroom. Patent Medicines. Microbes. Mind 
Cure. Nervous Women. Dissipated Men. How a Friend of mine 
lost his Health. Why a Friend of mine is Sound and Strong. Tobacco. 
It never pays to neglect the Health. Which does more Harm, an Ig- 
norant Cook or an Ignorant Janitor? A Visit to a Sick Room. Alco- 
hol and Crime. Natural Instincts and Appetites; how pre-served, 
how lost. A Lesson about Alcohol based upon the Morning News. 
Effects of Alcohol upon the Greatness of our Country (workmen, voters, 
soldiers, children). Adam’s Apothecary Shop. Adam’s Ale (water). 



CHAPTER VIII 


THE NERVOUS SYSTEM 

Review Questions introducing this Subject. — What is a cell ? What 
are the five supporting tissues? What are the two master tissues? 
Why arc they so called? What kind of cells have many branches? 
Does the food ever come in contact with the salivary glands? When 
you look at a basket of apples, the sight makes your month water.” 
Is there a connection between the eye and the mouth ? Wliat two tis- 
sues enable the skin to blanch and to blush? Do the different organs 
share the blood in the same proportions at all times ? How can this 
proportion be changed? How is the brain .protected from injury? 
How is the spinal cord protected? Is the hole for the spinal cord 
through the main body of the vertebra, or behind the mairfbody? 

Harmonious Activity. — Strike suddenly at the eye of 
another, and the lids fall to protect it, and the hands rise 
to ward off the blow. If a grain of dust gets into the eye, 
the tear glands form tears to wash it out. If you touch 
the hand unexpectedly to a hot iron, the muscles of the 
arm jerk the hand away. If the foot of a sleeping person 
is tickled, the muscles of the leg pull it away. Many 
muscles cooperate in the act of running. If the human 
being were merely an assemblage of working organs, the 
organs might act independently, and there would be such 
confusion that the body would be powerless, and life could 
not be maintained. The nervous system enables the or- 
gans to work together for the common good. Why does 
an ameba not need a nervous system ? 

The Need of Nerve Centers as well as Nerves. — If there 
were no central office in a telephone system of one thou- 
sand subscribers, then every subscriber, in order to com- 
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Fig. 103. — Showing a Neu- 
ron, A, or nerve cell with 
all its parts — dendrites, 
cell body, and axon ; a 
portion of a white fiber 
highly magnified. (Jegi.) 


municate with fivery other sub- 
scriber, would need one thousand 
wires running into his house ; all 
together, there would have to be 
several hundr-ed thousand (to be 
exact, 499,500) wires. With a cen- 
tral office only one thousand are 
needed. As a telephone system 
has central offices, so the nervous 
system has nerve centers. Nerve 
centers contain nerve cells. Al- 
though there are some subordinate 
nerve centers in the spinal cord, 
the greatest collection of nerve 
centers in our bodies is in the skull, 
and is called the drain. Fishes 
were the lowest animals studied in 
animal biology found to possess a 
true brain. 

The nervous system, unlike a 
telephone system, has other duties 
besides allowing coniniimication. 
It enables us to thmk, and, after 
reflection, to will and to act by con- 
trolling the various organs. 

The Units of which the Nervous 
System is Constructed. — A nerve 
cell with all its branches, or fibers, 
is called a neuron (see^Fig. 103); 
some neuron branches are several 
feet long. Neurons are the units 
that compose the nervous system. 
The living substance in cells is 
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called protoplasm. The protoplasm in nerve cells possesses 
the most marvelous and varied powers of any known sub- 
stance, for the nerve cells are 
the seat of the mind. 

Nerve Cells and Fibers. — 

The many branches of nerve 
cells make them the most 
remarkable of all cells for 
irregularity in shape. Since 
the protoplasm of the cell con- 
tinues into the fibers^ it is 
plainly wrong to consider the 
nerve cell as something apart 
from its fibers. It is not a 
complete cell without them. 

A cell usually has many short 
branches called dendrons or 

dendrites (see Fig. 103) for communicating 
I with near-by cells, and one long branch 
, I called an axon (Fig. 103) for communicat- 
1 1 ing with distant parts. The axons form 
? if the fibers that go to the skin, muscles, 
and other organs. 

A Nerve. — These long branches, or 
V axons, of nerve cells go all over the body 
j and are often bound together into visible 
'^j cords called nen^eSy or nerve trunks (Fig. 

104). 

White and Gray Fibers (Fig. 105). — 

Some fibers have a fatty covering sur- 

Fig. 105. — a white 

fiber with its fatty Tounding the thread of protoplasm y they 

sheath (dark) ; d, white and glistening, and are called 

two gray fibers , . j. 

(without sheath). wMte fibers. Oth^s are Without this fatty 




Fk;. 104. — Largk Nf'rve Trunk, 
such as supplies the muscles. 
Cross-section (magnified 6 diam- 
eters), showing bundles of nerve 
fibers. (Peabody.) 
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covering, and are called gray fibers. Both kinds of fibers 
have connective tissue on the outside to strengthen them. 
If we let a lead pencil represent a white fiber, the lead 
corresponds to the axis of protoplasm ; the wood corre- 
sponds to the white, shiny fat that surrounds if; and the 
varnish corresponds to connective tissue on the surface 
of the fiber. A number of white fibers together makes 
a white mass that is called zvhite matter. The axis of a 
white fiber, of course, is not white. A mass of cells or of 
gray fibers is called gray matter. The oxidation of the 
gray matter, or protoplasm, in neurons gives rise to nerve 


energy. 

Feeling Cells and Working Cells. — Nerve cells are 
divided into two classes : sensory cells ^ which feel or receive 
impressions ; and motor cells^ which send out impressions 
to the working organs. Those fibers which carry impres- 
sions to the receiving cells are called sensory fibers ; those 
which carry impulses from the cells to the working organs 
are called motor fibers. 

Ganglia and Nerve Centers. — Nerve cells are not scat- 
tered uniformly in nervous tissue, but are gathered into 



Fig. 106. — a 
Ganglion. 


groups, A group of nerve cells is called a 
ganglion (Fig. 106). One or more ganglia 
having a single function, such as to control 
the muscles of breathing, form what is called 
a nerve center. The brain consists of a 
number of nerve centers with their connect- 
ing fibers. 

Gross Structure of the Spinal Cord. — The 


nerve fibers from nearly all over the body 


lead to cells situated in a large cord in the spinal column 


called the spinal cord. The spinal cord is separated by 


a deep fissure almost into halves (Fig. 107). The cells 
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are situated in the central portion of each half, and the 
two masses of gray matter thus formed are connected by a 
narrow isthmus of gray matter. 

The outer part of the cord 
consists chiefly of white fibers. 

The white matter is thus on the 
outside of the cord (Fig. 107). 

The brain, unlike the cord, has 
the gray matter on the outside 
and the white matter on the in- 
side. For microscopic study of 
the spinal cord, see Fig. 108. 

The Work of the Spinal Cord. — There are two functions 
of the cord : reflex action and transmission of impulses 

from the body to the brain. 
Reflex action is action that 
takes place without the aid 
of the will. 

Reflex action never begins 
in the cord, but at the outer 
end of a sensory fiber, usu- 
ally located in the skin. 
The impression goes to the 
cord along a sensory fiber. 
It is received in a sensory 
cell and transferred by den- 
drons to a motor cell which 
sends back an impulse along 
a motor fiber to a muscle; 
the muscle contracts and 
the action is complete. At 
least two nerve cells are necessary for reflex action. The 
actions of the lowest animals are almost entirely reflex, , 



Fig. 108. — SECTioir of Spinal 
Cord, showing nerve cells (large 
black Spots) with their branches 
(black dots and lines). Five 
bundles of nerve fibers are shown 
near upper margin. (Peabody.) 



Fig. 107. — Cross-section of 
Spinal Cord, showing area 
of gray matter (dark). 
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Reflex Action, Consciousness, and Will. — Usually not all 
of the force of the impulse is transferred to the motor cell. 
The sensory cell by means of another of its many branches 
may transfer part of the impulse to a cell which sends it to 
the brain. Hence a reflex act is not Necessarily an uncon- 
scious one. If you unintentionally touch the hand to a 
hot stove pipe, you may be conscious of the pain and the 
involuntary jerking away of the hand at the same time. 

Reflex Action and the Will. — The will may inhibit^ or 
prevent, an expected reflex act. Yet many reflex acts 
occur in spite of the effort of the will to 
prevent' them. One cannot always keep 
from closing the eyes before a threatened 
blow even if from the other side of a plate 
glass window, and it is known there is no 
danger. Sneezing is a reflex act and can- 
not always be prevented. The forrning of 
saliva and other secretions are reflex acts. 
Reflex acts g^re quicker than voluntary acts. 
An eighth of^'a second is about the time 
required for a person to press an electric 
button after seeing a signal; a reflex act 
may occur in a shorter time. 

The Brain consists of Three Chief Parts. 
— (i) There is an enlargement at the top 
of the spinal cord called the medulla^ or 
the medulla oblongata. It may be re- 
garded as the part of the spinal cord 
within the skull (see Figs. 109, no, 114). 
(2) Above the medulla is the cerebellum^ 
or little brain. (3) The cerebrum^ or large 

AN^s^NAL^^ brain, fills all the skull except the small 
Cord. part occupied by the medulla and cere- 
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bellum* The cerebrum covers the cerebellum. (Fig. 
no.). Is this true of the monkey’s brain (See Fig. 

The work of the medulla is chiefly to control the vital 
functions (see Figs, no, 114). Here are located the 
centers for regulating the. 
breathing, ’ heart beat, the 
she of the blood vessels (thus 
regulating nutrition), and also 
the less important centers 
that control swallowing, secre- 
tion of saliva, and vomiting. 

The center for breathing is 
sometimes called the vital 
knot, because although the 
cerebrum and cerebellum may be removed from an animal 
without causing immediate death, the slightest injury 
to the vital knot kills the animal at once. In cases of 

hanging, death is caused by 
injury to this center. 

Automatic Action. — The 
center called the vital knot 
is said to regulate the 
breathing automatically, not 
reflexly. Reflex acts start 
in the skin ; automatic acts 
start in the interior of the 


Fig. ho. — The Brain (cerebrum, 
cerebellum, medulla). 



Fig. hi. — Association Fibers, con- 
necting cells within the cerebrum. 

(JegA-) 


body. The condition of the blood regulates the, breathing 
automatically during sleep, and partly regulates it during 
’ waking. If too much carbon dioxid accumulates in the 
blood this excites the vital knot, which sends out stronger 
impulses to the respirktory muscles. Deeper breathing 
follows, which purifies the blood, and the breathing is then 
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Fig. II2. — Sensory and Motor 
Fibers. (Jegi.) 


shallow or slow until carbon dioxid accumulates again. 

The Fout Kinds of Nerve Action and the Centers th|it con- 
trol them. — The cord controls chiefly reflex action ; the 
medulla controls chiefly automatic action ; the cerebellum 

controls chiefly coordinate^ or 
harmonizing, action ; the cere-^ 
\ 1 / brum controls the purely vol- 

and thought. 
The medulla, like the cord, 
matter on the 
inside (Fig. 109). , 

^ Structure of the Cere- 

FIG. II2 -^SENSORY AND MOTOR cerebellum,- 

Fibers. (Jegi.) ’ 

like the cerebrum, has the 
gray matter or cells on the outside. The gray matter is 
folded into furrows that are not nearly so winding as the- 
folds in the cerebrum (see Fig. 115). The fibers going 
to the surface 
cells have a 
branched arrange- 
ment called the , 
arbor vitce^ or tree 
of life, which is 
shown where the 
cerebellum is cut. , 

The cerebellum, 

like the cere- .Fig. 113.—- brain of a Monkey. Numerals 
brum, is deeply location of motor cenfers. (See Fig. 115.) 

cleft and thus divided into halves, called hemispheres, 
connected by a band of white matter. 

The work of the cerebellum is to aid the cerebrum in 
controlling the muscles. It coordinates the muscular move- 


.Fig. 113.— -Brain of a Monkey. Numerals 
show location of motor cenfers, (See Fig. 115.) 
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mmts ; that is, it makes the 
muscles act at the right 
tiihe^and with due force in 
complex acts, such as stand- 
ing, walking, talking. A 
man could strike just aS 
hard without the action of 
the cerebellum, but he would 
not be likely to hit what he 
aimed at. A drunken 
man staggers and fails to 
control the muscles in walk- 
ing because the alcohol has 
caused the blood to collect 
and congest around the 
cerebellum and press upon 
it. One whose cerebellum 
has been injured by accident 



Fifr 114. -The Lobfs of the Right 
Side 01 Brain aid their functions. 
(Jegi ) 

The speech center is true only for left>handed 
persons Medulla is marked “ Bulb ” 

staggers like a drunken man. 



Fig. 115.— Motor and Sensory Areas of Left 
Hemisphere. Speech center iparked ** Lips.” 

In what region arc the motor centers? The sciwory centers? 


Coverings of 
the Brain. — Lin- 
ing the skull and 
covering the cere- 
brum are found 
two membranes 
which inclose a 
lymph-like fluid. 
Thus a kind of 
water bed is made 
which surrounds 
the soft and deli- 
cate cerebrum 
and protects it 
from jars. A 
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membraneous net, or mesh work, of blood vessels covers 
the cerebrum and plentifully supplies it with blood. 

Structure of the Cerebrum. — The gray matter, or cell 
mass of the cerebrum, forms a surface layer, called the 
(“bark ”), about one eighth of an inch thick. This 
gray layer is deeply folded^ the folds, or convolutions^ being 
separated by deep furrows, some of them an inch deep 
(see Fig. no). Thus the area of the surface layer is 
increased to several times what it would be if smooth. 
Intelligence increases with increase in the number and 
depth of the convolutions. The greater part of the cere- 
brum is white matter. This consists largely of associa- 
tional fibers (Fig. in) which connect the cells in the gray 
matter with each other and with important interior ganglia 
at the base of the cerebrum (Fig. 112). These basal 
ganglia are the largest parts of the brains of the lower 
vertebrates (Animal Biology, Figs. 222, 259). Why do 
these animals not need large cerebrums t The human 
cerebrum comprises nearly seven eighths of the, weight 
of the brain. A deep fissure divides it into the right and 
left cerebral hemispheres. A band of white matter con- 
nects the hemispheres. 

Functions of the Cerebrum. — The cerebrum is the seat of 
consciousness and thought, and of all activity controlled by 
the will. It also directs the work of the lower nerve centers 
in the spinal cord, medulla, and cerebellum. 

It receives sensory messages from all parts of the skin 
and through the special senses. It sends out motor mes- 
sages to all the voluntary muscles, and ‘more indirectly 
to the involuntary muscles. The cerebral fibers are of 
three kinds : sensory, associational (connecting cells in cere- 
brum), and motor {¥igs, 1 1 1, 1 12). It is estimated that the 
cerebrum alone contains 9,200,000,000 cells. 
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Spiiuil and Cranial Nerves. — The nerves from the spinal cord go 
out through notches between ^He vertebrae. Since there are thirty-one 
pair^ oi spinal nerves (Fig. ^09) and only twenty-four vertebrae, some 
of the nerves go out through holes in the sacrum. The cranial nerves 
(to eyes, ears, tongue, nose, face, etc.) leave the brain through holes in 
the cranium, or skull. There are twelve pairs of them. 

Relation of the Cerebrum to the Lower Centers. — As already stated, 
nerve activities are of four kinds, — reflex, nutomatic, coordinate, and 
voluntary. A manufactory has more complex work than a shop. A 
man with a shop may enlarge it into a factory and leave trained assist- 
ants in charge of the different shops, keeping only the general man- 
agement for himself. If he should cease to control his assistants 
entirely, the work of the factory would soon be in diso''der. If the 
manager should try to direct everything, he would become exhausted. 
So the cerebrum, the seat of the will and the reason, leaves the reflex 
centers in the spinal cord, medulla, and cerebellum to do most of the 
work. If the mind wishes the hand to move and grasp the hand of 
a friend, the motor center in the cerebrum sends a message to the 
cerebellum; and if the cerebellum has been well trained, the act is 
accurately performed. 

A less imperfect wisdom than that of the mind is in the lower 
nerve centers. The reason and will control the lower centers through 
the cerebrum, but the control is very limited. It is well that this is 
so, not only for the relief of the cerebrum, but for the safety of the 
body. Can you cliange the rate of the heart beat by the exercise of 
the will? Can you blush at will, or prevent the flushing of the capil- 
laries when you are embarrassed, or when you go close to a hot fire? 
It is impossible for a person to commit suicide by holding the breath. 
What change in the blood would soon force a breath to be taken? 
Repeat the two examples of reflex action triumphing over the will 
which have already been given. We shall next take up a system of 
nerves almost independent of the will. 

The ganglionic or sympathetic portion of the nervpus 
system controls the viscera {vis' se-ra), or internal organs, 
e.g. peristalsis of food tube, tone of arteries. The nerves 
that go to the viscera branch off from the spinal nerves 
not far from the spinal column, and enter a row of ganglia 
on each side of the spine (see Fig. iiS). Each ganglion 
is connected by nerves with the one above and below it, 
so that they appear like two knitted cords suspended one 
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on each side of the spinal column and tied together below ; 
for both chains of ganglia end in the same ganglion in 
the pelvis. Some of the fibers from the spinal cord pass 
through these ganglia on their way to the viscera, losing 
their white sheaths in the ganglia and emerging as gray 
fibers. The spinal cord and brain with the fibefs which 
do not pass through the double chain of ganglia are called 

the cere bro - spinal system. 
The double chain of ganglia 
and the fibers which go 
through them are called the 
ganglionic or sympathetic 
system. 

Why these Nerves are 
called the Sympathetic 
System. — These nerves, 
after leaving the double 
chain of ganglia, form many 
intricate networks of ganglia 
and fibers. Each network 
is called a plextis (Fig. ii6). 
The largest of the plexuses 
is just back of the stomach, 
and is called the solar plexus, 
A blow upon the stomach 
may paralyze this plexus 
and cause sudden death. The plexuses and fibers con- 
nect the viscera so perfectly that one organ cannot suffer 
without the others changing their activity, or sympathizing 
with it. An overloaded stomach causes the heart to 
beat faster and send it more blood ; a loss of appetite 
usually accompanies illness and allows the stomach to 
rest. This sympathy is necessary, for if one organ is 



Fig. ii6— Diagram or Sympa- 
iHEiic System showing double 
chain of ganglia ; also plexus at 
heart and solar plexus. 
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diseased, the others do not coBtinue to work and tax 
th<e streiigth of the ailing organ. 

Sow the Sympathetic and Cerebro-spinal Nerves Differ. — 
The ganglionic nerves (1) contain mostly gray fibers ; 
(2) pass through 'ganglia after leaving the spinal cord ; 
'(3) control the unconscious activities of the body ; (4) pass 
to organs which contain slow-acting involuntary muscles^ 
not to sense organs and quick-acting voluntary muscles ; 
(5) transmit impulses slowly (about 20 ft. instead of 100 
ft. per, second). Crawfish and insects have hardly more 
than the ganglionic system of nerves (Animal Biology, 
Figs. 92. 132, 197). 

Examples of the Supervisory Functions of the Sympa- 
thetic System. — Regulation of the heart beat and of the 
size of the blood vessels ; secretion of sweat glands ; con- 
traction of pupils of eyes in a bright light; peristalsis. 

Examples of Sympathetic Nerve Impulses reaching Con- 
sciousness. — Pain in colic and cramps; ‘‘heartburn'" 
(pain in stomach from indigestion) ; backache (from 
nerves in organs prolapsed by tight clothing pulling upon 
their attachments at spine) ; hunger ; thirst. 

The Mind and Health. — A contented or peaceful mind is indispen- 
sable to soundest health. Worry causes difficult breathing with bated 
breath. Happiness brings full, easy breathing. Biological study of 
physiology shows the futility of making health a care or anxiety, and 
. teaches “no meddling” with the body, whether by stimulating it, drug- 
ging it, deforming it, overheating it, half smothering it in close rooms, 
cultivating artificial instincts, etc. If the body degenerates through 
wrong living, and disease ensues, a new way ot living is needed, not 
some quick and wonderful remedy. The new life will renew the body 
and nothing else can. 

Hygiene of the Nervous System 

Necessity of Food, Fresh Air, and Rest for Sound Nerves. 

• — The health of the nerves depends upon a free supply of 

K ' 



BUHAN BiOlO€if^ 


pure, nutritious blood. Nearly one fifth of the blood goes 
to the brain. It is clear that the brain cannot give out 
energy until it has first received it; the blood supplies 
energy to the brain. The blood in turn receives the nour- 
A ishment from food and pure 

* air.*^ A rested cell is full of 


nourishment ; a tired cell is 
shriveled (see Fig. 117). 

Sleep. — During waking 
hours energy is used up 

*’* ' * faster than it is stored in 

R cells, and protoplasm is 

oxidized faster than the 
cells can replace it. Dur- 
sleep the opposite is 
true; repair is more rapid 
^ than waste. During sleep 

the muscles are strength- 
“^•"NKTvrc™''"" ”” the breathing is less. 

Ay resting cell, By fatigued cell, with its the heart bcats more slowly, 

body and nucleus shrunken produCOd, digCS- 

tion is slower, less blood goes to the brain. Why is it 
necessary to be more warmly protected by clothing or bed 
covering when asleep than when awake ? Above all, the 
nervous system has an opportunity to recuperate from the 
constant activity of waking hours. The eye and the ear 
are rested by darkness and silence. Sleep caused by 
morphine or other drug is not normal sleep and brings 
little refreshment. 


Fig. 117. — Effects oi- Fatigue on 
Nerve Cells. 

Ay resting cell, B, fatigued cell, with its 
body and nucleus shrunken 


Practical Suggestions. — Sleep is deepest during the second hour 
after going to sleep, and a greater shock is given to the nervous system 
by waking a sleeper during that hour than at another time. An alarm 
clock is a very unhealthful device. One who cannot trust to nature 
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6vai to awaken has great presumption. If one does not rise promptly 
pppn '/akihg naturally, the instinct to awake when enough sleep has 
'been taken will be lost, and the habit of sleeping too much will be 
formed, and the brain, like the muscles, will become weak from 
inactivity. Infants sleep most of the time, and it is injurious to them' to 
be waked. Adults usually require about eight hours of sleep. There is 
a risk in going to sleep in a warm room, for the bed covering which is 
comfortable then may not be enough to prevent taking cold when the 
fire goes out. Sleep usually comes more promptly to one who goes to 
bed at the same: hour each night. The muscles are relaxed in sleep, 
and relaxing them perfectly upon lying down and breathing slowly, 
tends to bring sleep. One who is sleepless usually finds that he is 
breathing fast and is holding the heM stiff on the shoulders, the teeth 
clenched, and the muscles contracted, even though is lying down. 
Excitement and worry during the day, but especially just before retiring, 
tend to produce sleeplessness. One who overworks his mind by too 
great attention to business is inviting ruin. A student who loses sleep 
while preparing for an examination will probably fad. Rested brain 
cells and pure blood are needed for good work. 

Rules for Preventing Sleepiness. — (i) Do not .sit close to stove or 
especially a fireplace or in very warm room, and do not wear very 
warm clothing in the house. (2) Let in fresh air freely. (3) Do not 
sit in rocking chair nor with chest flattened. (4) Make the last meal a 
very light one. 

Habits. — Our habits of doing and thinking and feeling 
really constitute our characters. This shows the impor- 
tance of right habits. By gradually changing our habits 
we can strengthen our characters and form them somewhat 
as we wish. When a muscle contracts in a certain way, 
this act makes it easier for the muscle to contract in that 
way the next time ; thus great muscular strength may be 
developed. When a nerve cell acts, the circulation around 
the cell is increased, the fibers develop by use, and the act 
is easier the next time. We cannot entirely get rid of our 
habits, because we cannot get rid of our brains. 

Healthy fatigue is caused by the accumulation of waste 
products resulting from the oxidation of substances in 
nerve, muscle, and gland cells. The presence of waste in 



the tissues affects the nerves* We are rested and strong 
when these wastes are removed and the tissues are sup- 
plied with fresh food and oxygen. Work causes the ac- 
cumulation of carbon dioxide ivhich is nature s narcotic} 
The drowsy feeling that ensues is more pleasant than the 
drowsy feeling from alcohol or opium. Those who do 
not employ nature’s narcotic but free themselves of it by 
hurried, anxious breathing become restless and crave arti- 
ficial narcotics. 


Fatigue without work occurs with people who are idle. 
The oxidation in their cells is not complete, and poisonous 
products of the incomplete burning result. This is known 
as self-poisoning (auto-toxemia). The poisons are taken 
by the blood to the nerves and brain, and give a tired feel- 
ing as effectually as does hard work ; or the food may fer- 
ment in the food 
PtLstt 2 Lnd form poi- 

gQj^g ^hich increase 
\ \ the tired feeling. 
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- Fig. ii8.— The Situation of Headaches ti u 
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in the blood or by pressure of blood congested in the head. 
Like all other pains they should be a source of benefit in 


ANEMIA 


OISmBMCtSOF 
.. ffO5B,£AR.M0 
V 0£CAm mTH 


Lj^emos EXHMusnoN 
^SPmLmiTATKUi 


Fig. ii8.— The Situation of Headaches 
with reference to their causes. 


^ It has been found that it is injurious to rebreathe expired air containing 
one per cent of carbon dioxid, but a far greater percentage is harmle^ if intro- 
duced into fresh air, thus indicating that the injury froin poor venlilation 
conies chiefly from the ** crowd poison,** or organic particles thrown of. 



: THE NERVOUS SYSTEM 


135: 


that 'the^ show us ways of living to be shunned in the 
future. Many persons, however, not only derive no profit 
,frO,i^ a ‘headache, but by unwise efforts to cure the p ain, 
bring permanent injury to themselves in addition to the 
suffering of the headache. 

BfofntdeSy optmn^ and other poisons deaden and weaken 
the' nervous system while preventing the headache from 
being felt Headache powders, phenacetin, acetanelid, an- 
tikamnia, and other vile poisons made from coal tar, shock 
and weaken the heart and teduce the vital activities so 
that the headache is no longer felt. In consequence of 
shocks from, repeated doses of such drugs, the heart will 
not work so well, and may give way some time in the 
future when an effort or strain makes unusual demands 
upon it. Their use has made heart disease more preva- 
lent The liver and kidney cells and the white corpuscles 
have to destroy and remove the drugs. Many people 
are foolish enough to injure their bodies and risk death 
rather than, suffer pain or avoid pain by prudent living. 

Sick headaches are foretold by a dull feeling, sleepiness' 
after-eating, a coated tongue, and constipation. It would 
be better to remove the undigested, spoiled food from the , 
stomach (four glasses of water will cause vomiting) than 
to take a drug. At the first indication of trouble, ab- ' 
stain from eating, or use a fruit diet for twenty-four 
hours, and drink water freely. This will enable the 
!l)ody to dispose of the excess of waste matter. 

The Highest Living Medical Authority oh Drugs. — Dr. 
Gsler, iotmerly of Johns Hopkins University and now' 
of Oxford University, says : 


“But the new school does not feel itself under obligation to give any 
raedidnes whatever, while a generation ago not only could few phy- 
ddans have held their practice unless they did, but few would have 
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thought it safe or scientific. Of course there are still many cases where 
the patient or the patient’s friends must be humored by administering 
medicine, or alleged medicine, where it is not really needed, and indeed 
often where the buoyancy of mind, which is the real curative agent, can 
only be created by making him wait hopefully for the expected action 
of medicine ; and some physicians still cannot unlearn their old train- 
ing. But the change is great. The modern treatment of disease 
relies very greatly on the old so-called natural methods, diet and exer- 
cise, bathing and massage, in other words giving the natural forces the 
fullest scope by easy and thorough' nutrition, increased flow of blood, 
and removal of obstructions to the excretory systems or the circulation 
in the tissues. One notable example is typhoid fever. At the outset of 
the nineteenth century it was treated with “ remedies ” of the extremest. 
violence, — bleeding and blistering, vomiting and purging, antimony and 
calomel, and other heroic remedies. Now the patient is bathed and 
nursed and carefully tended, but rarely given medicine. This is-the re- 
sult partly of the remarkable experiments of the Paris and Vienna 
schools into the action of drugs which have shaken the stoutest faiths ; 
and partly of the constant and reproachful object lesson of homeopathy. 
No regular physician would ever admit that the homeopathic “ infini- 
tesimals ” could do any good as direct curative agents ; and yet it was 
perfectly certain that homeopaths lost no more of their patients than 
others. There was but one conclusion to draw, that most drugs had 
no eflect whatever on the diseases for which they were administered:” 
— “ Encyclopajdia Americana,” Vol. X. (Munn & Co., New York.) 

Applying Hygienic Tests Systematically. — The cause of ill health 
{e.g. a headache) should be sought with system and thoroughness, ap- 
plying the tests in rotation to every function of the body : Lungs, Is 
the air habitually breathed fresh and free from dust? Is the body held 
up, and is the chest or waist cramped by clothing? Muscles. Is 
enough physical exertion made to cause deep breaths to be drawn? 
Food. Is it simple, digestible, and eaten properly? Drink. Is the 
water pure? Cleanliness., Work and Rest., Clothing, Ventilation, and 
Mental State may be inquired into until the source of trouble is found 
and the cause of ill health removed. To give drugs and leave the cause of 
ill health untouched, is to fail. There are signs of coming weakness or 
illness which, if heeded and the ways of living improved, will usually 
prevent illness. Among these signs are headaches, paleness, sensi- 
tiveness to cold, heavy feeling or pain kfter meals, constipation. Huxley 
says that young people should so learn physiology and so understand 
their bodies that they will heed the first sign of nature's displeasure, 
and not wait for a box on the ear. 
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Nerrotis Children. — K report on the health of the school children in 
one of our large cities shows that one third of the children in those schools 
have some disorder of the nerves. Nervousness (weakened control of 
the perves) may show itself by sluggishness of mind, great irritability 
of temper^ frequent spells of the ^^blvesf or by involuntary movements 
of 2. jerky or fidgety kind. Sound development of city children’s nerves 
is hindered because of the constant noise in cities both day and night ; 
by shortening of the hours of sleep ; by excessive use of sugar for food ; 
by living much among people with no chance to be alone and let the 
nerves rest^ and among boys by the use of cigarettes* 

How to Prevent the School from injuring Children. — 

(l) Ventilation is of first importance. Breathing the 
breath of fifty other children does far more harm than 
overstudy. (2) The time devoted to ivork should not be 
long, especially in the lower grades (no study out of 
school). (3) The work should be diversified ; not only 
printed words, but pictures, natural objects, and the out- 
door world should be studied. (4) The teacher and parent 
^should see that the habitual poise of the child is favorable 
to health. (5) The children should be encouraged to play. 
Running games at recess are of the greatest value, and 
are as indispensable to the health of a boy or girl as of a 
colt. (6) Physical exercise should be provided at short 
intervals between lessons, especially stretching exercises 
and movements that straighten the spine and hips and ele- 
vate the chest. 

The Effect of Alcohol upon Nerve Function. — In attack- 
ing the nerve centers, alcohol begins with the cerebrum, 
the highest, and proceeds toward the lowest. Hence as a 
man becomes drunk he first talks foolishly (cerebrum 
affected), then he staggers (cerebellum affected),, and he 
finally goes to sleep and breathes vevy^ hard (medulla 
affected) in a drunken stupor. It rarely happens that the 
breathing center is completely disabled and the man dies 
from the strong poison. The greatest evil of alcohol is 
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seen in the case of steady drinking. This gradually de- 
troys the soundness of the nervous system and weakei5is 
Self-control. The tendency with nearly all drinkers is to 
increase the amount taken. 

Not Total Abstainers, but the Advocates of Universal 
Moderation are the Visionaries. — The evil results from 
alcohol are so great as to be almost incredible. The 
plainest statements of its effects are sometimes denounced 
as unscientific by persons prejudiced in its favor. A part 

of the two billion dollars annually paid for liquors is used 

in influencing public opinion through the press. 

Practical Questions. — 1. Why does travel often cure a sick 
person when all else fails ? 2. Why is working more healthful than 

taking exercise”.^ (p. 47.) 3. Is it better for children to play or to 

take exercise ? 4. Why can ope walk and carry on a conversation at 

the same time ? (p. 127.) 5, How does indigestion cause a headache? 

(P- 133*) Does perfectly comfortable clothing from head to foot 
help to make one at ease in company ? Does uncomfortable clothing 

tend to make one awkward ? 7. Why is it as important to have the 

shoes and clothes perfectly comfortable when going out as when stay- 
ing at home ? 8. When one’s finger is cut, where is the pain 
9. In what two ways may opening a window when a, student is becom- 
ing dull and drowsy at his books enable him to wake up and study with 
ease? 10. What kinds of cells shrivel like a balked apple when they 
become fatigued ? (Fig. 1 17.) 11. A nerve or nerve fiber can hardly 
become tired or fatigued, for the nerve cell supplies the energy. What 
do we mean when w’e say the nerves are worn out? (Fig. 117,) 
12. Why do you throw cold water upon a fainting person ? 13. Why do^s 
constant, moderate drinking underrriine the health more than occasional 
intoxication ? 14. Why does stoppage of the circulation cause one to 
faint ? (See Chap. VI.) 15. Why is grazing the skin often more pain- 
ful than cutting it ? (Colored Fig. i.) 16. Why do the lower ani- 

mals always act upon sudden impulse ? What part of the brain enables 
than to retain sensations and not act upon them until later ? 17. • Does 
nervousness ” more probably indicate a bright mind or a high temper ? 

18. What is the ^ect of a cold bath upon the neiwes ?> (Chap. II.) 

19. Did you ever know a cigarette smoker whose hand trembled ? 

20 . Need there be any fear of a sobbing child holding its breath until 
it dies ? 21. Why is muscle tone greater in cold weather ? 
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Th0 True Function of Stimulants. — One whose heart 
bias nearly given out because of exposure to severe weather 
may be temporarily revived by alcohol. It will not be wise 
to do so unless it is certain that a warm fire and protection 
will bs reached before the reaction comes. Much less would 
be necessary to revive an abstainer than a drunkard. Ha- 
bitually disturbing the body with stimulants makes them 
ineffective in a time of emergency. A cup of coffee will 
not keep a watcher awake if he is used to coffee. 

Definitions : Stimulant, Narcotic, Poison. — A stimulant 
is anything that excites the body to activity, but is of no help 
or of insignificant help, in replacing the strength used up, 

A narcotic is anything that deadens or didls the neri’ous 
system. It comes from a word meaning “ to benumb.” 

Poisons are active substances, which, taken in quantities, 
as man takes food, destroy life ; in Smaller quantities they 
injure the body and may destroy life. Alcohol is a poison. 
Wine, beer, whisky, contain varying quantities of it. 

The Narcotic and Stimulant Effects of Poisons. — Ex- 
amples of poisons are alcohol, nicotiri, opium, arsenic, 
strychnin. Poisons excite the body when taken in small 
doses, while in large doses they produce paralysis and 
death. The irritating or stimulating effect is due to de- 
rangement of the functions or to the efforts of the cells to 
free the body of the destructive substance. The narcotic 
effect is due to the poison having so benumbed the nerves 
and injured the cells that their activities cease, or become 
less for a time. You readily see how the same poison can 
be both a stimulant and a narcotic : the stimulating effect 
always comes first, followed by the stupefying effect. If the 
dose is very small, the stimulating effect will last longer ; 
if it is large, the narcotic effect is greater and felt more 
quickly. A habit of using stimulants is an invariable sign 
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of weakness. The first dose of morphine or cocaine may 
be the first step in a lifelong blight of strength and happi- 
ness. If physicians whose treatment of a case results in 
. leaving a patient with a drug or alcohol habit were sued 
for malpractice, they would be less reckless. The annual 
consumption of morphine is estimated at twenty-seven 
grains per capita in China, and fifty grains in the United 
States. 

Reaction. — This is the depressed and exhausted condition 
that comes on after a period of unnatural activity. It fol- 
lows the exciting effects of a stimulant. 

Natural Stimulants. — If there were nothing to arouse 
activity, life would be impossible. A cold wind is a 
natural stimulant. The activity arotised by a cold wind is 
just enough to help the body withstand the cold ; artificial 
stimulants cause an expenditure having no relation to the 
needs of the body. Hence there is a great waste of energy. 
Feelings may stimulate, as love for his family may. stimu- 
late a man to labor. The desire for knowledge may stimu- 
late a boy to study. Hunger may stimulate a man to eat. 
Hunger is a natural stimulant, and is not likely to make 
him eat to excess ; tea, coffee, pepper, etc., arouse a false 
appetite. These things are used chiefly for their stimu- 
lant effect, for they contain little or no nourishment. We 
will now study about artificial stimulants. Suck stimulants 
always cause an unregulated and unhealthy action^ and are 
always followed by reaction. 

How much Strength is stored in the Body — Dr. Tanner 
of Minnesota believed that most people eat too much. 
Another physician said that no human being cbuld go forty 
days without food. Dr. Tanner made the experiment. 
He lost thirty-six pounds in weight, but he weighed J2l| 
pounds and had considerable strength at the end of the 
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forty days. The first thing he ate at the close of his fast 
was the juice of a ripe watermelon.. 

Once some miners we»*e shut in by the caving of a part 
of a mine. But, unlike the case just described, they were 
without water as well as food. When, by digging, the 
rescuers reached them seven days after, several were still 
found alive, although most of them had died. The miners, 
np doubt, had nourishment in their bodies for some weeks 
more of life, but the body lacked water to dissolve it and 
bring it within the reach of the cells most needing it. 

A Stupendous Fact. — These incidents show how wisely i 
the body is made, and prove that, the cells ston' up nourish- 
ment for weeks ahead. The large amount of 7tourishment 
stored in the Jmmayi body is one of the most striking and 
important facts with which the science of physiology has 
to deal, and it should be borne in mind, or we may make 
great mistakes about some very simple matters and espe- 
cially in regard to the effects of stimulants. 

Foolish Rashness. — Did you ever get so tired that you 
had to give up and stop, however much you would have 
liked to continue at work or play 1 To rest was the wise 
thing to do. Because you know there is much energy 
stored in the body, this need not tempt you to go on 
until you almost break down. Probably you know people 
who are conceited about their bodies and say they are ‘‘made 
of cast iron ” ; that nothing can hurt them. Such conceit 
will be almost sure to get its possessor into trouble. 

How a Safeguard may be broken down. — It is a . very 
wise arrangement that, under ordinary cofidttions^ ive can- 
not get at the surplus energy we hai>c. Carbon dioxid and 
other wastes accumulate in the tissues and paralyze the 
nerves. Fatigue and other feelings compel us to be provi- 
dent, as it were ; yet stimulants and narcotics, by irritating 
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the nerve cells, arouse them and cause us to expend some 
of this reserve energy.. Thus man is enabled to get at 
this precious store which he should save for emergencies, 
when he is sick and cannot digest food, or when he is 
making some mighty effort.^ A weak, ill man who has 
eaten very little for weeks, when delirious is sometimes so 
powerful that it takes several strong men to hold him in 
bed. But the delirious mania often uses up the little 
energy left, and costs the man his life. 

The only source of energy for man’s body is the union 
of food and oxygen ; he must get his energy from the 
same source that the engine does ; and this is from his 
food, which serves as fuel, and the oxygen which burns it. 
If one has been working hard preparing for examinations, 
or gathering hay, or in attending to some important busi- 
ness, or has been under the excitement of some pleasure 
trip, and feels blue'' and worn out^ then let hint bear the 
result like a man^ or like a true boy or girl, as the case 
may be. Giving up for a while, or ^‘toughing it out"' with 
the blues, or losing a little time from business, will not 
hurt, but will restore strength, while a stimulant will 
leave him less -of a man than before. 

Nervousness. — The attempt to divide the race into brain workers, 
muscle workers, and loafers, whether men or women, is a powerful factor 
in race degeneration. Leonard Hill says : Hysteria and nervous 

exhaustion are the fruits not of overwork, but of lack of varied and 
interesting employment. The absurd opinion that hard work is menial 
and low, leads to most pernicious consequences. The girl who, turning 
from brain work to manual labor, can cook, scrub, wash, and garden, 
invites the bloom of health to her cheeks ; while the fine do-nothing 
lady loses her good looks, suffers from the blues, and is a nuisance to 
her friends and a misery to herself.” A Japanese lady holds views 
similar to those of Dr. Hill. Read footnote.^ 

^ Statement by 20[adame Toyi Nika of Yedclo, Japan, after a six months* 
visit to the United States. — “ Worry and inactivity, it seems to me, sharply 
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Subjects for Debate. — (i) Does the Chinese woman deform her 
body less than the Caucasian woman and suffer less from it ? (2) Does 
as much disease originate ia the dining room as the barroom ? 
(3) Are drugs a necessary evil ? (4) Does pride cause as much illness 

as ignorance ? (5) Is it ever right to neglect the health ? (6) Does 

the mind or the way of living have more effect upon the health ? 

Disuse and Degeneration. — Many persons in civilized countries 
cherish a vain hope of having sound muscles without habitual use of 
them, pure blood without deep breathing, a strong circulation in an 
inactive body, a fresh skin without keeping the body sound, a hearty 
appetite without enough physical labor to use the food already eaten, 
steady nerves with a part of the body overworked and a part stagnating 
from disuse. Their flabby muscles, pale skins, highly f^easoned food tc 
arouse appetite, narcotics to deaden irritable nerves, and the wide use of 
drugs as a fancied substitute for right living all show the attempt to be 
a miserable failure. If the parents leading such a life escape with fairly 
good health and average length of life, they leave a few unhealthy chil- 
dren in whom physical degeneration is plain. Complete', balanced liv- 
ing only prevents degeneration. Although there are cases of illness 
which are not necessarily a disgrace, disease usually originates in weak- 
ness of character or lack of common .sense. The snob who thinks him- 
self above physical labor, the dupes who at the bidding of avaricious 
fashion mongers think more of clothes than of a free body, the narrow, 
unbalanced man, who concentrates all his energies on one ambition, the 
short-sighted one who worries, all grow into a diseased state. 


mark the women of your middle classes. T did not attempt to study your 
leaders of society, for they are much alike the world over — the same fuss, 
the same display of jewels and finery, the same scandals, the same uselessness. 
Your women do not diversify enough. If they are good cooks, they stop 
there ; perhaps another is a goorl housekeeper, another can sew finely; but 
doing one thing makes narrow-mindedness. In Japan we strive to do many 
things. The worry troubles of your women, it seems to me, come largely from 
improper eating and overeating. I have sat at many of your tables and there 
is too much food on them and too much variety. First, women overeat, then 
they doctor, then they starve, and then they become nervous. A w'oman’s diet, 
especially a mother’s, should alw ays be simple. Cut dowm eating arc I increase 
variety of labor and exercise. My own peojile live that way with a result that 
we have better feminine bodies, better skins, and better tempers than your 
W'omen. I like the brightness of your young wmmen. Perhaps you will take 
the hideous hats off them some day, find a substitute for the bad corset, and 
let them w’ear clothes that are loose, yet are soft and clinging. They are bound 
up in their clothes too much now and their judgment of colors and combina- 
tions is not good. Their clothing is either prish or very dull in hue. The 
simplest girl in Japan know^ how to harmonize color with herself, 

Magazine^ November, 1907, 



CHAPTER IX 


THE SENSES 

Experiment i. Where are the Nerves of Touch most Abundant? — 
Open a pair of scissors so that the points are one eighth of an inch 
apart, and touch both points to the tip of the finger. Are they felt as 
one or as two points ? Find how far they must be separated to be felt 
as two points when applied to the back of the neck. Record results. 
Caution : The person should be blindfolded, or should look away while 
the tests are being made. Two pins stuck in a cork will be more con- 
venient to use than scissors. 

Experiment 2. Nerves of Temperature, or Thermic Nerves. — Draw 
the end of a cold wire along the skin. Does the wire feel cold all the 

time ? Repeat with a hot wire. Do 
you conclude that temperature is felt 
only in spots ? 

Muscular Sense. — Experiment 3. 
Make tests of the ability to distin- 
guish the weight of objects weighing 
nearly the same, when laid by another 
in outstretched hand ; also by laying 
them in the hand while it rests upon 
a table. Which test showed more 
delicate distinctions ? In which were 
muscles brought into use ? Experi- 
ment 4. Close the eyes and let some 
one move your left arm to a new position ; then see if you can with the 
forefinger of the right hand touch the forefinger of the left hand in its 
new position at the first attempt. 

Experiment 5. Functions of the Several Parts of the Tongue. — 
Test the tip, edges, and back of the tongue with sugar, vinegar, qui- 
nine, and salt. Where is the taste of each most acute ? Record results. 

Flavord. — Experiment 6. Blindfold a member of the class, and 
while he holds his nostrils firmly closed by pinching them, have him 
place successively upon his tongue a bit of potato and of onion. Can he 
distinguish them ? Experiment 7. Mark F after each of the following 

14a 
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foods that have a flavor (see text) : vanilla, apple, lemon, beef, 
peaches, grapes, coffee, onion; potato, cinnamon. 

Experiment 8. A Smelling Contest. — Place the following and other 
things having taste in vials around which paper has been pasted to con- 
ceal their contents : pepper sauce, vinegar, kerosene, flavoring extracts 
(diluted), several perfumes, iodine, bits of banana, lemon, apple> etc. 
Number the vials and have pupils test and write results in a list. 
Correct the lists and announce pupil having keenest sqnse of smell. 

Experiment 9. A tasting contest may be arranged in a similar 
way. Smelling and tasting tests should be made quickly as these 
senses are soon dulled by repeating a sensation. 

Experhnent 10. Advantage of Two Eyes over One. — Try to touch 
forefinger to something held by another at arm’s length from you, 
bringing the finger in from the .side, (i) with one eye closed; 
(2) with both eyes open. Result ? Conclusion } W^- tell the dis- 

tance of an object by the amount of convergence of the eyeballs needed 
to look at it. 

Experiment ii. Duration of Impression. --Whi»l a stick with a 
glowing coal on one end (.see Fig. 123). 

Experiment 12. Color Blindness. — Provide a number of yarns of 
different tints, and the same tints. Test color blindness by having each 
pupil match tints and assort the yarns. 

Experiment 13. Fatigue of Optic Nerve. — Gaze long and steadily at 
a moderately bright object, then clo.se the eyes. Result ? Conclusion ? 

Experiment 14. Dissection of Eye. — The eye of an ox is an in- 
teresting subject for dissection. The lens is like a clear crystal. Make 
out all parts named in the text (see Fig. 122). 

Experiment 15. Image formed by a Convex Lens. — For a few 
cents obtain from a jeweler a convex lens, or use a strong pair of 
spectacles worn by an Old person. Hold the lens a few feet from a 
window (darken any other windoiws near). A little beyond the lens 
hold a white card or book open at a blank page to catch the image. 
Have some one walk before the window. 

Experime7tt 16. Work of Iris. — Notice the size of the pupils. 
Cover one eye with the hand for a few minutes. Uncover and look in 
a mirror. Gaze at bright window and look agairrin the mirror. Con- 
clusion ? Do the two pupils still keep the same size when one eye is 
shaded ? 

Experiment 17. Accommodation. — By holding your finger or a 
p>encil in line with writing on the blackboard, you find that you cannot 
see both finger and blackboard distinctly at the same lime — first one 
and then the other is distinct. . Explain (see text). 
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Experiment i8. Astigmatism (eflfect of unequal curvature of cornea 
or lens along certain lines). With end of crayon draw about twelve 
straight, even lines crossing at one point on the blackboard. Have 
the lines of equal distinctness. How many pupils report that the lines 
in certain directions are blurred? Inquire whether these pupils have 
frequent headaches from eye strain. 

Expertmeni 19. Can Sound reach the Ear through the Bones? — 
Hold a watch between the lips and notice its ticking. Close the teeth 
down upon it and notice any change in the sound. Cover one, then 
both ears, and note the result. 

Experiment 20. Test keenness of hearing by having pupils walk 
away from a ticking watch until it becomes inaudible. Test each 
ear. A stop ” watch is preferable. 

Experiment 21 . Advantage of Two Ears over One. — Have the class 
stand in a circle. Blindfold some one and place him in the middle of 
the circle. Let various pupils clap the hands as the teacher points to 
each. Can the blindfolded one point in the direction whence the sound 
comes ? Stop one ear with a handkerchief and repeat. Result? Con- 
clusion? From what two points in the circle does the sound fall upon 
both ears alike ? 

Experiment 22. The Cause of Nasal Tones. — Let a pupil go to the 
back of the room and read a paragraph, and hold his nose until partly 
through the reading. Or the teacher may read with his face and hand 
hidden by a large book. Let the other pupils raise their hands when 
they notice a cliange in the quality of the reader’s voice. Does the 
experiment show that a nasal ” tone comes partly through the nose 
or through the mouth only ? Does stoppage of the nostrils by catarrh 
cause a nasal tone ? 

Five Differences between Special and General Sensation. — First, the 
nerves of special sense all end in special organs at the surface ; for 
instance, the touch corpuscles are for touch, the eye is for sight, etc. 
There are many nerves in the body that do not end in special organs) 
these nerves give what is called general sensation. A second difference 
is that general sensation tells of the condition of the interior of the body, 
while special sensations tell us of the condition of the surface of the 
body and of the outside world. 'Y\{\rd., general sensations are not so 
exact as the reports of the special senses. One can locate a point on 
the skin that has been touched much more accurately than he can locate 
an internal pain. A fourth difference is that the meaning of each special 
sensation must be learned (usually in infancy) ; but the meaning of gen- 
eral sensations is inherited. This inherited knowledge of what general 
sensations mean is also called instinct. Fifth, the sympathetic nerves 
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usually bring general sensations ; tie spinal and cranial nerves usually 
bring special sensations. 

Examples of general sensations are hunger, thirst, satiety, nausea, 
faintness, giddiness, fatigue, weight, aching, shuddering, restlessness, 
blues, creepy feeling, tingling, sleepiness, pain, illness. Any nerve can 
convey the general sensation of pain, if injured along its course. If a 
nerve of touch is cut, ther< is no sensation of touch, but of pain. Touch 
sensations come only from the ends of the nerves. General sensations 
are of many kinds. We are only half conscious of some of them ; many 
of them are hard even to describe. 

Hygiene of the General Sensations. — General 'sensation is an invalu- 
able aid to the health. Without it as a guide, the body could not 
remain alive a single day. Pain should be heeded as our best friend, 
and not killed with poisonous drugs as if it were our wc^rst enemy. 
We should not deaden the stomach ache with an aftcr-iiinner cigar. 
If we do not go to bed when sleepy, the desire for sleep may leave us, 
and we will undergo untold sulfering from sleeplessness. Thirst should 
be satisfied with cool water, which quenches it the best ; he who makes 
his teeth ache with ice water will inflame his stomach and be continually 
thirsty. He who does not stop eating when his hu7iger is satisfied, will 
distend his stomach with food, and the stretched organ will be harder 
to satisfy thereafter ; in fact, eating after a feeling of satiety may cause 
indigestion so that the cells will not get the food. A dyspeptic is always 
hungry, for the cells are starving. Fatigue of body or mind gives us 
wise counsel ; but this feeling may be deadened by alcohol or tobacco, 
and work continued until the body is injured. We should heed the 
warning of pain or fatigue or restlessness as promptly as an engineer 
heeds a red flag on the railway track. One who uses narcotics acts 
like a reckless engineer who removes the danger signal and goes ahead, 
hoping by good luck to escape an accident. 

Most of the nerves of touch end in papillae of the dermis 
as microscopic^ egg-shaped bodies (Fig. 120). There are 
also many in the inferior of the mouth, especially on the 
tongue. On the palms they arc arranged in curved lines, 
apid on the tips of the fingers they are in circular lines, 
with one papilla in the center. The delicacy of the sense 
of touch varies very much in different parts of the skin. 
This delicacy refers to two things : the ability to feel the 
slightest pressure and the ability to tell the exact point of 
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the skin that is touched. A lighter pressure can be felt 
on the forehead and temples than with any part of the 

body. (Why is, it best 
for this to be the 
case ?) The greatest 
delicacy in locating' 
the point of the skin 
touched is found to be 
located in the tip of 
the tongue, the lips, 
and the ends of the 
fingers (Exp. i). 
(Why is it best that 
this is so 1 ) This deli- 
cacy is least in the 
middle of the back. 
The delicacy varies 
with the number of touch corpuscles in different parts 
of the skin. The sense of touch is capable of great 
cultivation, as in the case of the blind. 

The temperature sense is given by special nerves called the thermic 
nerves (Exp. 2). That the thermic ?ie?'vcs are easily fatigued is noticed 
soon after entering a bath of hot water ; it is also shown by the fact 
that in cold countries the nose or ears of a person may freeze without 
his feeling it. 

The Muscular Sense. — The special sense of tonch gives some sense of 
weight. A weight upon the skin must be increased by one third before 
it feels heavier, but by lifting an object so as to bring into action the 
muscular sense residing in nerves ending in the muscles an increase of 
only one seventeenth of the original weight can be noticed (Exp. 3). 
This sense gives us a continual account of the position of the limbs 
(Exp. 4). 

The end organs of taste are located in the papillae of 
the tongue. The tongue has a fuzzy look because of the 
numerous papillae. 



Fig. 120. — Difp'krknt Kit^os of Touch 
Bodies at Ends of Nerves. 

from cornea of the eye ; B, from the tongue of a 
duck ; C, D, E, from the skin of the fingers. (Jegi.) 
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The principal tastes are only four ; namely, sweet (tasted 
chiefly by tip of tongue), sour and saline (sides of tongue), 
bitter (tasted on the back tongue) (Exp. 5). 

The nerves of smell end in the mucous membrane of the 
upper half of the two nasal chambers ; the fibers are spread 
over the upper proportion of the walls. • The direct current 
of air does not pass as high as these nerve endings ; hence 
sniffing aids the perception of odors. This sense is able 
to bring up the associations of early life more powerfully 
than any of the senses. The odor of a flower like one 
that grew in an old garden can almost restore the con- 
sciousness of the past. Wc smell g((ses only ; solids and 
liquids cannot affect this pair of nerves (Exp. 8). 

Flavors. — The tastes that we call flavors are really 
smells. We confuse them with taste, because they accom- 
pany food that is in the mouth. Name some foods that 
seem tasteless ” when one has a severe cold in the head. 
Why is this.^ Some of the most repulsive drugs can be 
easily swallowed if the nose is held (Exp. 6 and 7). 

Hygiene of the Senses of Taste and Smell. — A savage or a beast 
uses the senses of taste and smell to find out whether things are good 
to eat or not. If a civilized man’s senses are not perverted, and he eats 
only simple foods that have a pleasant taste, they will not injure him or 
cause him sickness. Things that are poisonous usually have unpleasant 
tastes and often have unpleasant odors. These senses are naturally 
of wonderful delicacy. They can be cultivated to a still more remark- 
able degree, or they can be blunted and almost destroyed. Chronic 
catarrh dulls or destroys the sense of smell. The loss or even the 
weakening of the perception of flavors is an injury to the working of 
the closely related sense of taste. When a person loses the enjoyment 
of delicate flavors, he wants food to have strong seasoning and more 
decided taste to prevent it from being insipid. Everything must be 
either very greasy or very sweet or very salty or very sour, to please his 
degenerate senses. Wheat, corn, and other grains have each its own 
pleasant taste, yet such persons must have lard in their bread because 
they are not capable of appreciating anything with a delicate taste* In 
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England, butter is not salted and its delicate taste is enjoyed; in 
America, salt is added to preserve it, and most people have come to 
prefer the strong taste of salty butter to the delicate taste of pure butter, 
and do not like it unless its true taste is partly hidden by the taste of 
salt (Exp. 9). 

l>eceiving the Sense of Taste. — The habit of using narcotics like 
tea and coffee is usually begun by concealing the repulsive bitter taste 
of the substance by mixing sugar, cream, and other agreeable things 
with it. Licorice is sometimes mixed with tobacco to weaken its biting 
taste. Pure alcohol would never be drunk by any one who had the 
least respect for the sense of taste, but the agreeable flavor of grapes, 
apples, and other fruit which still remains in wine, cider, and brandy, 
conceals the repulsive taste of the alcohol. Beer has the insipid taste 
of grain which has undergone decomposition or partial rotting, and 
hops are added because the strong bitter taste of hops is needed to 
hide the stale, rancid taste of the rotted grain. Eggnog is made of 
eggs, a nourishing food ; sugar, which has an agreeable taste ; water, a 
refreshing drink, and alcohol, a fiery poison. A very good eggnog is 
often made without alcohol, but a good one could hardly be made with 
any of the pleasant ingredients left out. The best eggnog is niade by 
using the fresh juice of lemon, orange, or grape, instead of alcohol. 

Effect of Narcotics. — Tobacco, alcohol, opium, and other narcotics 
dull the senses of taste and smell and prevent the enjoyment of delicate 
flavors. They accomplish this as much by their effect upon the brain 
as upon the nerves themselves. 

It is Wrong to eat Food that is not Relished. — Unpalatable food is 
not likely to be well digested. It is a law of the body that the food 
which is enjoyed the most is digested the best. This applies to a hungry 
person eating food with its own honest taste, not to food disguised by 
the taste of something else. The rule does not apply to a taste per- 
verted by having been forced to become accustomed to poisonous 
things. People who munch their food slowly enjoy the pleasures of 
taste the most, and digest their food the best. The nerves of taste 
and smell easily become fatigued. The first whiff from a cologne bottle 
is the strongest. Highly flavored foods should be eaten moderately, 
if we would obtain the greatest enjoyment from them. 

Thought Questions. — 1 . Interfering with the Body. What is 
the natural direction of growth of the big toe? 2. Think of six evil 
results, direct or indirect, which will follow from displacing it by tight 
shoes (p. 48). 3 . Which part of the spinal column, designed in 

infinite wisdom to be most flexible, do some people try to make the 
most inflexible? 4 . The mobility of the false and floating ribs was 
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ifttended as a blessing. Some people interpret the blessing as an 
opportunity to do what ? 5; Name six articles which warn us to avoid 
them by their bitter, burning, or nauseating tastes, yet which are used 
by man. 6. Name six feelings wuich are intended as warnings for our 
guidance, but which are commonly disregarded. 

The eyes on the rays of the starfish are mere spots of 
pigment. Insects have lenses in their eyes. The eyes of 
vertebrates are all formed on the same general plan as the 
human eye. 

The eyeballs are globes about an inch in diameter. 
They are placed in deep, bony sockets, called ordtts, in 
the front part of the skull. The optic nerve, other nerves, 
and several large blood vessels pass to the eye through a 
hole in the back of the orbit. A soft cushion of fat is in 
the orbit behind the eyeball. A pressure upon the eye- 
ball causes the eye to sink 
into the socket, for the fat 
yields to the pressure. 

This is a protection to the 
eye. 

The eyelids protect the 
eyes from dust, and at 
times from the light. They 
are aided in this by the 
eyelashes. 

The tears are formed by tear glands situated above the 
eyeball in the portion of the orbit farthest from the nose, 
just beneath the bony brow where it feels the sharpest 
(Fig. 12 1 ). They are about the size of almonds. A salt- 
ish liquid is continually oozing from the tear glands and 
passing over the eyeball; it is carried into the ^ nose 
through the nasal duct (Fig. 12 1 ). The tears reach this 
duct through two small canals^ which open into the eye 
in the little fleshy elevation at the inner corners of the 



Fig. 121. — 'I’ear Glands and 
Due l's of right eyt;. (Jt^gi.) 
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eye (Fig. 121). The opening of one of the canals may 
be seen by looking into a mirror. Sometimes these canals 
are stopped up, and what is called a ‘^weeping eye” 
results. A temporary stoppage may occur during a cold 
in the head. 

Tears prevent friction between eye and lid. Winking 
applies the tears to the ball. Small glands along the 
edges of the lids form a kind of oil which usually prevents 
the tears from flowing over the lids. Sometimes this oily 
secretion is so abundant, especially during sleep, as to 
cause the lids to stick together. The mucous membrane 

of the eyelids 
continues as a 
transparent 
membrane (the 
^ conjunctiva) 
which passes 
over the front of 
the ball. 

The globe "of 
*the eye consists 
of its outer wall 
and the soft con- 

. Fig. 122.— I’HE Anatomy of the Eye. 

tents (Fig. 122). 

The wall has three layers or coats. The outer coat is the 
tough sclerotic (Greek, sklerosy hard), composed of dense 
connective tissue (Exp. 14). It gives strength and firm- 
ness to the eyeball. It shows between the lids as the 
white of .the eye.” It is white and opaque except in 
frontj there it bulges out to form the transparent cornea. 
This clear portion of the wall may be seen by looking at 
the eye of another from the side. 

The second coat, called the choroid^ consists of blood 
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vessels and a loose connective tissue containing many 
dark brown or black pigment granules. The choroid 
absorbs superfluous light. Cats’ eyes shine at night 
because this coat in their eyes reflects some light. The 
choroid separates from the sclerotic toward the front of 
the eye and forms the colored ins. The iris makes the 
eyes beautiful, and it also serves the useful purpose of 
regulating the amount of light The hole in the iris is 
called the pupil (Exp. 15). 

The third and innermost coat, the sensitive pinkish layer 
called the rel'in-Uy is the most impoitaiit and characteristic 
tissue in the eye. It re- 
ceives the light rays, and 
retains the image for a 
fraction of a second (Exp. 
i i). Hence the pictures 
in a kinetoscope (Fig. 123) 
appear as one moving pic- 
ture. The retina is made 
chiefly of- the fibers of the 
optic nerve. This nerve 
contains about five hundred 
thousand fibers, and enters 
at the back of the ball. 

The spot where it enters 
contains no nerve endings 
and is not sensitive to 
light. It is called the 
blind spot. The spot where the light most often falls is 
most sensitive to light. It is the yellow spot (Fig. 12^). 

Test for the Blind Spot. — In this experiment shut 
the right eye and be careful- not to let the left eye 



Fig. 123. — Stroboscope, the original of 
the kinetosoope. The observer looks 
through the slits of a rapidly revolving 
disk and a new image falls on the retina 
before the last image has faded. Com- 
pare the pictures in the figure. 


waver. 
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♦ Read this line slowly. Can you see the star all the 
time ? (If so, hold the book farther or closer and repeat) 

Within the coats of the ball, like the pulp within the 
rind of an orange, are the soft contents, divided into three 
parts. The first is a watery liquid in front, which serves 
to keep the cornea bulged out (Fig. 122). It is called the 
a^que-ous humor. The main cavity of . the ball is occupied 
by a clear, jelly like substance called the vit're-ous humo}\ 
which serves to keep the ball distended. Back of the iris, 
and separating the two humors just named, is the crystal- 
line lens^ a beautiful clear lens, convex or rounded out on 
both sides (Exp. 14). It serves to bring the light to a 
focus on the retina, thereby forming images of outside 
objects. 

The eye, like a camera, has a dark lining, the choroid ; 
the retina corresponds to the sensitive plate, and the lens 
brings the rays to a focus on it and forms the image. 

The Path of Light in the Eye. — The light enters through* 
the transparent cornea and passes through the aqueous 

humor. As it goes through 
the pupil, the iris shuts off all 
the light that is not needed. 
The crystalline lens receives 
the light that has been al- 
lowed to pass, and so bends 
the rays that by the time they 
have passed through the vit- 
reous humor they fall upon 
the retina in just the right 
way to form a tiny image of anything outside (Exp. ii). 
The choroid absorbs any light that passes the retina. 
The iris and choroid of albinos have no pigment; hence 
albinos squint their eyes to shut out some of the light. 



Fig. 124. — Crossing of Optic 
Nerves showing that one nerve 
reaches same half of both eyes. 
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Accommodatioa. — In order to focus the light upon the 
retina, the lens must change shape for every change in the 
distance of the object looked 
^3:/(see Fig. 125). The shape 
of the lens can be readily 
•changed, for it is elastic and 
has muscular fibers around 
its edges (*Exp. 17). fig. 125.- change of lens in accom- 

Defects in the Eye. — Some modauon. (jegi.) 

eyeballs are too long, and the lens brings the rays to a 
focus before they reach the retina. Such eyes are near- 

sighted (Fig. 126) and require 
glasses that round inward (con- 
■■■ ■ ■ ~ cave). Some eyeballs are too 

flat, and the rays are not brought 

3. focus soon enough. Such 
eyes are farsighted and require 

glasses that round outward 

(convex). See Fig. 127. (Re- 

^ peat Exp. isj 

Care of the Eyes. — Because 

Eye (ball too long), which only •' 

focuses rays for near objects the eyes Can do a large amount 

with6ut giving pain, 
they are often abused. When 
reading or doing intricate work, turn the eyes from the 

work occasionally and look 
f ^ at some distant object ; stop 
— work before the eyes are 
tired. Twilight of early 
( / evening has ruined many 
good eyes. You should 
Fig. 127. — Farsighted Eye (ball always stop work before 

too short) which needs convex lens t i • r 

to focus rays upon retina. the twilight begins, for the 


Fig. 126. — (i) Nearsighted 
Eye (ball too long), which only 
focuses rays for near objects 
(2) when concave glasses are 
used (3). 
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light fades so gradually that you will surely be straining 
the eyes before you know it. Do not work with the light 
in front ; the glare of the light makes objects appear dim. 
The light should come frorh above, and (for right-handed 
people) from the left. Do not read papers or# books 
printed in fine type. We should not read when convales- 
cing ‘from illness; with the head bent dpwn; when the 
eyes are sore ; in jolting cars. Heating the '‘eyes by a 
burner, or drying the eyeballs in a dry, stove-heated at- 
mosphere, using a light without a shade, cause trouble 
with students’ eyes. Of what are blood-shot eyes often a 
sign.? Our eyes are best suited for seeing at a distance 
because primitive man had no houses, books, sewed 
clothes. Effort is required to shape the lens for seeing 
near objects. Most cases of nearsightedness begin when 
children are taught to read under eight years old. The 
eyes are sometimes injured by the use of tobacco. 

Thought Questions. The Eye. — 1. The eye is shielded from 

blows by bony projections of , , and . 2. The hairs of 

the eyebrows lie inclined toward , in order to turn — ; — from the 

. 3. I find by trying it that I (can or cannot?) see the position 

of a window with my eyes closed. 4. The pupil appears to be black, 

because no is from the interior wall of the eye. I knerw that 

the iris is partly muscle, because it the size of the . 

Sound. — Anything that is sending off sound does so by vibrating, 
or shaking to and fro, very rapidly. For instance, a vibrating violin 
string sets every particle of air near it swinging to and fro. The near- 
est particles of air strike the next ones and bounce back, these in turn 
strike against others, and thus vibrations called sound waves are sent 
through space in all directions from the sounding body. We feel these 
waves with the ear. 

The ear consists of three portions : the external ear, the 
middle ear (or drum), and the internal ear (or labyrinth, 
see Fig. 128). The cranial nerve connecting the ear with 
the brain is called the auditory nerve. The outer and 
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middle ear pass on the vibrations of air to the ends of the 
fibers of the auditory nerve in the internal ear. 

The external ear consists of a large wrinkled cartilage 
on the exterior of the head and a canal leading from it, 
called the meatus. This passage is closed at its inner end 
by the drum membrane or drum skin. It is often called 
the drum, but this name is properly applied to the whole 
middle ear. A trial will show that the drum skin cannot 



be seen even with the aid of a bright light, for the passage 
is slightly curved (see Fig. 128). Hence a missile or a 
flying insect cannot go straight against the ear drum. The 
skin lining this passage contains wax glands, which secrete 
a bitter sticky wax, which helps to keep the passage flex 
ible. This wax catches dust and usually stops insects that 
may enter. If an insect enters the ear, it may often be 
coaxed out by a bright light held close to the ear. The 
ear wax in a healthy ear dries with dust and scales of epi- 
dermis and falls out in flakes, thus cleansing the ear. It 
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is unwise to probe into the ear with a hard object or even 
with the corner of a towel. It is not necessary to insert 
the finger in the meatus to cleanse it ; it is one inch long, 
but only about one fourth inch across. (How large is the 
little finger The cartilaginous ears on the sides of the 
head should be carefully washed because of their many 
crevices. If ear wax is deposited too fast, it will cause 
temporary deafness and earache. It may be syringed out 
with warm water. Earache is usually caused by a small 
boil which requires time to relieve itself by bursting. 
Warm water poured into the upturned ear, or hot flannels 
or compresses applied to the side of the head will lessen 
the suffering. Each ear has three muscles for moving it. 
Once they were doubtless useful to all, but like the scalp 
muscle they have become so weakened by disuse as to be 
useless to most people. They are vestigial organs. 

The middle ear, or drum chamber, contains air (Fig. 
128). It is separated from the outer ear by the drum 
membrane. It contains three bones which stretch across 
it and conduct the sound waves from the drum membrane 
to the inner ear. State the order in which they are 
placed (see Fig. 128). The middle ear is connected with 
the pharynx by a tube (the Eustachian tube ; pronounced 
yoo-stake'e-an, see Fig. 128). This tube is opened every 
time we swallow. It allows the air from the throat to 
enter the middle ear and keep the air pressure equal on 
each side of the drum skin. This tube and the middle 
ear are lined with mucous membrane. 

A cold in the head or a sore throat may extend through 
this tube to the middle ear and affect the hearing. This 
occurs because the tube is closed by congestion of its lin- 
ing; the air of the middle ear may be partly absorbed, 
and the pressure of the outside air may cause th 6 drum 
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membrane to bulge inward, and to be stretched so tight 
that it cannot vibrate freely. 

^ The innet ear is called the labyrinth, because of its wind- 
ing passages. There is a spiral passage called the snail 
shell 3 $^ three simpler passages called the loops (Fig. 128). 
The inner ear is filled with a limpid liquid which conveys 
the vibrations to the ends of the auditory nerve found in the 
snail shell. If the auditory nerve or labyrinth becomes 
diseased, the deafness is probably incurable. Quinine and 
other drugs may cause deafness. 

Sense of Equilibrium. — Some fibers of the auditory neive e nd in the 
loops and are not believed to be used in hearing. It is believed that 
each loop acts like a carpenter’s level, and the varying pressure of the 
fluid upon the nerves in the loops tells us the position of the body and 
constitutes the sense of equilibrium. There are how many of these 
loops in each ear ? (Fig. 128.) 
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Experiment i. Yeast Plants. — With a microscope examine a drop 
from a glass of water in which you have washed grapes or apples 
(Fig. 129). 

Experiment 2. Fermentation. — Put a tablespoonfiil of sugar into 
this water and set the glass in a warm place for a day or two. Do 

you see any bubbles of gas ? 
Have the odor and taste 
changed ? Does the micro- 
scope show that the yeast 
plants are now more abun- 
dant ? By ferijjf ntation, or 
the growth of yeast in sugar, 
sugar is changed into carbon 
dioxid, a gas, and alcohol, a 
liquid. 

Experiment 3. A Sani- 
tary Map. — Construct a 
sanitary map of the com- 
munity. Indicate houses 
where consumption, typhoid 
fever, or other transmissible 
diseases have occurred, with 
number of cases. Mark loca- 
tion of stagnant waters where 
mosquitoes breed, mark 
garbage dumps, unclean streets. Suggest where improvements may 
be made in drainage, dust, noises, sunshine, shade, etc. 

Bacteria, or microbes, the smallest living things, are 
visible only under a microscope of high power. (See 
“Plant Biology,*’ p. 182.) They obtain food either from 
dead tissue or from degenerate tissue of living plants and 
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Fig. 129. — Yeast Cells magnified 200 
diameters, or 40,000 areas). Yeast plants 
’ multiply by budding. Notice small cells 
growing on larger and older ones. 
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animals. The green plants and the animals now upon the 
earth have proved their fitness to survive by successfully 
resisting these one-celled vegetable germs, or bacteria. 
Microbe diseases attack only the weaker individuals of the 
human species, or those who have gone to regions where 
there are microbes which their bodies have not yet ac- 
quired the power of resisting. 

Usefulness of Bacteria. — Their chief work is to destroy 
dead tissue and return it to the soil and air for the use of 
green plants again, otherwise the earth would be filled 
with carcasses, etc. They are indispensable in soil forma- 
tion. They give the agreeable flavors to butter and cheese, 
and cause milk to sour. A rod-shaped bacterium is called 
a bacillus (Fig. 130); a spherical one is a coccus. 

Multiplication of Bacteria. — This is by division or fis- 
sion. ‘Sometimes, instead of dividing, a little rounded mass 
known as a spore appears. The spore breaks out and the 
bacterium itself perishes. Species which do not produce 
spores are readily destroyed, but spores have a hard, tough 
shell, and they may be dried or heated even to boiling with- 
out being killed. Spores float through the air and start 
new colonies. Most common bacteria grow best between 70^ 
and 95® F. They render it difficult to preserve foods, espe- 
cially proteid foods (cheese, lean meat, eggs, etc.). Food 
decays slowly if at all below 70° and above 125®. Direct 
sunlight, or the temperature of boiling water (212° F.) 
kills bacteria but not spores. Pantries, kitchen, and sick- 
rooms should have bright walls and all the light possible. 
Boiling water should be poured into the sink, and dish 
cloths should be thoroughly washed in boiling water. 

Diseases due to Bacteria. — A germ disease is usually due 
partly or wholly to substances called toxins produced by 
the bacteria. Most disease germs attack a single organ 
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of the body. is caused by a species (Fig. 130) 

that grows on the mucous membrane of the throat; this 


» 


germ produces a powerful toxin. The 
germs of typhoid fever (Fig. 13 1) and 
Asiatic cholera multiply in the small 
intestine. In both these diseases the 
source of infection is the diarrhoeaT dis- 


FiG. 130 .— Bacillus charges from the alimentary canal. Flies 
OF Diphtheria. . . r . r 

may carry the germs on their feet from 

the discharge to food. Sometimes typhoid fever cases occur 

throughout a town because the water supply has become 


contaminated by sewage. Cases may 
occur only in families that buy milk 
from a certain dairy, because the 
milk cans have been washed in con- 
taminated water. In caring for a ty- 
phoid patient all suspicious material 
should be disinfected or burned. 








Germs of tuberculosis (called con- of 

sumption if the disease is in the 

lungs) may float through the air. Recent investigations 
indicate, however, that infection usually occurs through 
the alimentary canal, the germs being swallowed, then 
absorbed and taken to the lungs in the blood or lymph. 

^To prevent a patient from reinfecting himself in new 
parts of the lungs or elsewhere, he should carefully 
cleanse his teeth, mouth, and throat (by gargling with 
formal or lysol) before eating. 

Mosquito Fevers. — Malaria^ yellow fever, and probably 
dengue are transmitted each by a different genus of 
mosquito (Fig. 132), A mosquito of the malarial genus 
may bite a patient and suck into its body blood-corpuscles 
containing spores of the malarial parasite (a protozoan 
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animal, see “Animal Biology,” p. 7). Afterwards a spore 

(in another stage) may be transmitted by this mosquito 

when it bites another person. The 

germ enters a red corpuscle, grows, 

and finally divides into many little 

spores. At this moment the cor- 

puscle itself breaks up, setting 

free in the blood the spores and \ //^ NV. 

toxin formed. This causes the 1 

chill and fever. This develop- 

ment usually takes forty-eight 

hours, hence the fever occurs 

every other day. These mos* / j 

qnitoes be'£‘in to Jiy at dusk. How / . ' \ 

are they recognized.? (Fig- 

They should be kept out of houses fig. 132.— culkx ok com- 
by screens or from the beds by 

netting. Kerosene should be anophki,f,s ok makariak 

Mosquito, bf low (not always 

poured on breeding places at the Hody of malarial 

rate of one ounce for fifteen square mosquito is never held paral- 

lei to the su])porting surhice 

feet of standing water. i his ^ i, ndssing) ; it 

should be repeated twice a month. has five long ai)pendages to 

the head, the culex (above) 
Cactus maccr- only three. (Draw.) 

ated in water 

^sed, and forms a permanent 
/ film on the water. Stagnant pools 

f may be filled or drained (Exp. 4)- 

Malarial patients should themselves be 
(phagocyte) digesting screened, as the chief source of danger to 
a microbe. others; for only mo.squitoes who suck 

the blood of malarial patients will transmit the disease. 
Even then it is only transmitted to those whose wjiite 
blood corpuscles are unable to protect them (Fig. I33)- 


Fig. 133.— Protective 
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Further Means of Protection against Disease Germs.--* 

The best protection is physical vigor. There are certain 
substances called opsonins which exist in the plasma of the 
blood of disease-resisting persons ; these opsonins give the 
white corpuscles the power to devour disease germs. The 
serum of the blood also develops antitoxins which neutral- 
ize the toxins formed in disease. Not only can the white 
corpuscles and serum kill bacteria, but most of the secre- 
tions of the healthy body (gastric juice, nasal secretions, 
etc.) are bacteria-killing as well. Persons in a low state 
of health most readily succumb to disease. Excess in eat- 
ing may lessen the germicidal power of gastric juice and 
inactivity that of the lymph. The same germ disease 
does not usually attack the same person twice, as the 
body becomes immune; that is, an opsonin, or an anti- 
toxin, is developed which cures the first attack and remains 
to protect the body in future. 

The periods of quarantine or isolation for several com- 
mon germ diseases are given in the following table : — 


Name of 
Disease 

From Exposure 
TILL First 
Symptoms 

Patient is Infectious 
' TO Others 

Diphtheria 

2 days 

14 days after membrane disappears. 

Mumps 

10-22 days 

14 days from commencement. 

.Scarlet fever 

4 days 

Until all scaling has ceased. 

Smallpox 

12-17 

Until all scabs have fallen. 

Measles 

14 days 

3 days before eruption till scaling 
and cough cease. 

Typhoid fever 

II days 

Until diarrhoea ceases. 

Whooping cough 

14 days 

3 weeks before until 3 weeks after 
beginning to whoop. 


YTater Supply. — Bacteria are more abundant in flowing 
streams than in water standing in lakes or reservoirs (con- 
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trary to the usual belief). They are most abundant in 
rivers that flow through populous regions. They are com- 
paratively scarce in dry, saiidy soils, and very numerous in 
moist, loamy soils. The water of cities should never be 
taken from a stream or lake into which sewerage flows 
unless it is thoroughly filtered. Filters are constructed 
thus : first a layer of small stones, next a layer of coarse 
sand, lastly a layer of very fine sand on top, the total thick- 
ness being four or five feet. Beneficial microbes live upon 
the grains of s^nd and destroy all, or nearly all, of the 
dangerous microbes as the water slowly soaks through. 
The construction of such waterworks is left to sanitary 
engineers, of course, and the average citizen does not need 


to know the details. 

The department of street cleaning should receive the 
willing cooperation of all citizens. Banana peelings, paper, 
etc., should not be thrown upon the street or school 
grounds. Garbage, ashes, and rubbish should be placed in 
separate cans, as the rules provide. Garbage cans, if not 
thoroughly cleaned, acquire unpleasant odors and breed 
flies and bacteria. They should be thoroughly washed 
with very hot water and sal soda and scalded with boiling 
water and scrubbed with an old broom.^ 

The chief duties of the Health Department are: quar- 
antine isolation and disinfection, with the purpose of pre- 
venting or controlling contagious and infectious diseases , 
1 The chief Disinfectants are : fresh air, sunshine, 

Airing and sunning oUpph-g 

tually as chemicals. Boding anc strips of paper 

Formaldehyde is a volatile liqui . n<»ratt.r is apv^lied to keyhole, 

.11 m tr«k., (toiTOl." •.Ml""') 
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inspection of dairies, slaughterhouses, and other sanitary 
work; inspection of milk ^ and other food stuffs; the de- 
partment gathers vital statistics ; it enforces the rules for 
disinfection of public buildings. 

Importance of Cooperation with the Health Department — 
Only an ignorant and short-sighted person would fail to 
cooperate promptly and cheerfully with local or state 
health officers. It is for the benefit and protection of 
every one that the truth concerning contagious diseases 
be reported promptly. Only in this way may outbreaks 
of disease be prevented and many lives saved. He is a 
bad citizen and a public enemy who will conceal a case of 
disease dangerous to the community. Outbreaks of fatal 
diseases may be easily prevented or stamped out if the 
health officer is sustained and his directions carried out. 

^ Milk may be sterilized by boiling, but boiled milk is not digestible nor 
nutritious. Milk may be Pasteurized by immersing bottles of milk in water 
which is kept nearly (but not quite) at boiling point (160'’ F.) for five min- 
utes. But this makes the milk less valuable than fresh milk, and destroys 
beneficent jnicrobes. Buttermilk has many such microbes, which kill injurious 
microbes and purify the stomach. Cleanliness, or an aseptic condition, is for 
preferable to antiseptics. 
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ASbral surface, a 35. 

Aliorted seeds, p 166. 

Absorption, h 106. 

Abutilon, p 156. 

Accessory fruit, p 164, 169. 
Accommodation in eye, h 143, 153. 
Acephala, A 107. 

Acid, ix. 

Adaptation to environment, p 6, a 148, 
185, 201, 205, 207, H 19, 108, 109, 
no. 

Adenoid growths, h 86. 

Adipose tissue, H 12. 

Adulteration of food, h 93. 
Adventitious roots, p 36; buds, p 114, 
Aerial roots, i» 34. 

Aggregate fruit, p 168, 

Air cells, h 75. 

Air plants, P 35. 

Akenes, P 165. 

Albinism, h 16, f8. 

Albumen, h 92. 

Albumin, H 92. 

Alcohol and circulation, H 67; and 
fermentation, h 158; and food, 
H 1 13; and muscles, H 50; and 
nerves, h 135 ; and skin, h 20. 

Alga«, p 179, i83, 195. 

Alkaline, ix. 

Alternation of generation, p 179, A 30, 
31 - 

Ambulacral, A 36. 

Ameba, a 10. 

Americans, H 1. 

Anadon, a 98. 

Anatomy, H 9. 

Anemophilous, p 149. 

Animal food, h 95, no. 

Annual plant, p 17. 

Antelope, A 215. 

Antennae, a 68, 87. 

Anther, p 135, 144. 

Anthcridium, p 178, j86, 198, 200, 
202, 203. 

Ant-eater, giant, A 199; spiny, a 196. 


Ant-lion, A 91. 

Ape, A 220 . 

Apical dehiscence, p 166. 

Appendicitis, tt 106. 

Appendix, vermiform, H io6. 

Appetite, h 94, no. 

Aptera, A 82. 

Apteryx, A 174, 

Aquarium, \ 17. 

Archegonium, p 198, 200, 202, 

203. 

Argonaut, paper, a 107. 

Arm, II 33. 

Armadillo, A 200, 

Arrowhead, h 2. 

Arteries, H 51, 53, 54, 6j. 

Arthropoda, a 9, 125. 

Arum family, p 140. 

Ash, p 92. 

Asiatic cholera, H 160. 

Assimilation, p 97, H 90. 

Association fibers, u 123, r26. 
Asthma, 11 86. 

Astigmatism, u 144. 

Athletics, h 46, 47. 

Atwater's experiments, H 113. 

Auricle, H 53. 

Automatic action, H 123. 

Axil, p 112. 

Axis, plant, p 15. 

Axon, H 119. 

Bacillus, H 158, 159. 

Bacteria, .p 39, loy, 182, H 158, 159, 
160, 161. 

Bandage, h 62 
Barberry, P 157, 193. 

Bark, P 54, 66, 67. 

Bark-bound trees, P 54. 

Bast, P 61, 66. 

Bat, a 202'. 

Baths, H 23, 24. 

Batrachia, A 126. 

Bean, p 20, 28, 39, 194, H 95, 96, iia. 
Beaver, A 204. 
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Bedbug, A 92, 93. 

Bee, bumble, a 89 ; honey, A 88. 

Beebe’s experirhents, Dr., H 113. 

Beef, H 111; tea, H 1 1 1. 

Beetle, A 90, 91. 

Berry, p 167. 

Biennial plant, p 17. 

Big-headed turtle, A 149. 

Bilateral, a 34, 49, 98. 

Bile, H 105. 

Bill of bird, a 151. 

Biology defined, a r, h 9. 

Birds, A 150. 

Blind spot, H 151. 

Blood, H 58; quantity of, H 55; of! 
insects, a 78. 

Blood vessels, H 52; control of, H 58. 
Board of Health, h 163. 

Boll weevil, A 95, 96. 

Boll worm, A 95, 96. 

Bones, h 29; composition of, h 31; 
growth of, H 14, 36; forms of, H 28, 
29, 34; structure of, H 30. 

Bony tissue, H 13. 

Borax, H 93. 

Brace cells, p 67. 

Bracts, p 134. 

Brain, h 122; coverings of, h 125; 

of fish, A 1 18. 

Branch, p in, A 9. 

Breathing, forms of, H 80; of bird, a 
16 1 ; of insect, a 76; through mouth, 
H 85. 

Breeding, plant, p 7, 8. 

Bronchial tubes, H 75. 

Bruises, H 62. 

Bryophytes, p 181. 

Bud propagation, p 121. 

Budding, p 127, 128. 

Buds, p 72, 82, 87, in; flower, p 115; 
fruit, p 115. 

Bureau of entomology, A 95. 

Burns, H 24. 

Burs, P 172, 174. 

Bushes, P 19 1, A 171. 

Butterfly, A 83. 

Cabbage, P 113, H 95. 

Cabbage butterfly, A 84, 86, 87. 

Callus, P 56. 

Calyx, p 133. 

Cambium, p 63, 65. 

Camel, A 214. 

Candle, xv, a 5. 

Cane sugar, h 92, 104. 

Capillaries, h 52, 53, 56. 


Capsule, P 165. 

Carbohydrate, p 95, H 91, 95. 

Carbon, vii, xviii, P 92. 

Carbon, dioxid, a 24, p 22, 93, 106, 
H 60, 76, 81, 132; monoxid, H 85. 
Carnivorous, p 99, H in. 

Carp, A 112, 117, 123. 

Carpel, p 136. 

Cartilage, H 13, 35. 

Castor bean, p 24. 

Cat, A 184. 

Caterpillar, tent, A 84. 

Catkin, P 158. 

Caucasian, H i, 2. 

Caulicle, P 20, 22, 25. 

Cedar apple, p 194. 

Cell, P 42, 63, 145, 176, A 6, 7, H 

5 , 6 . 

Celom, A 46. 

Cephalopod, A 106. 

Cerebellum, h 122, 124. 

Cerebro-spinal system, H 128, 129. 
Cerebrum, H 122, 125, 126. 

Chelonia, A 143. 

Chemistry, xv. 

Chemical symbols, xv. 

Chest, H 32. 

Chewing, H 90, 10 1. 

Chimpanzee, A 219, 221. 

Chirping, A 66. 

Chitin, A 77. 

Chlorophyll, p 86, 94, loi, 183, 186. 
Cholera, H 160. 

Choroid, 11 150, 152. 

Chyme, H 103. 

Cigarettes, h 67, 86. 

Cilia, A 14, 20, loi, 103, H 76. 

Ciliated chamber, A 17. 

Cion, p 125. 

Circulation, H 51 ; and breathing, H 58; 
and exercise, H 67; hygiene of, H 68; 
in ameba, a 12; in insect, A 77; in 
fish, A 117; portal, H 60, 105; pul- 
monary, H 60; renal, H 60. 

City, H 4. 

Cladophylla, p 100. 

Clam, hardshell, a 104; softshell, 
A 104. 

Class, A 9. 

Classification, of animals, A 8, 125; 
of birds, A 177; insects, A 82; 
mammals, A 193. 

Cleft graft, p 126. 

Cleft leaf, P 75. 

Cleistogamous, p 151. 

Click- beetle, a 91. 
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Climate, and clothing, h 25; and brain 
work, H 68; and early man, h 2. 
Climbing plants, p 129. 

Clitellum, a 43, 47. 

Cloaca, A 18. 

Clot, H 61. 

Clothes moth, A 84, 92, 93. 

Clothing, H 16, 25. 

Clover, p 39. 

Club mosses, p 203. 

Cluster, flower, p 155, 159; centrif- 
ugal, p 156, 159; centripetal, p 156; 
indeterminate, p 156. 

Coagulation, h 61. 

Cockroach, a 71. 

Cocoon, A 84. 

Codling moth, A 84, 86, 87, 95. 
Coelenterata, A 28. 

Colds, care of, H 69, 86. 

Coleoptera, A 82. 

Collecting insects, A 72. 

Colon, H 106, III. 

Colonies, plant, p ii. 

Colorado beetle, A 90, 91. 

Coloration, warning, A 84, 146; pro- 
tective, A 34, 37» 49- 
Colors of flowers, A 85. 

Comparative study, A 85, 108, 122, 
223; moth and butterfly, A 85. 
Composite flowers, p 140. 
Compositions, subjects for, H 15, 50, 
116, 141. 

Compound substance, vii. 

Congestion, H 68. 

Conjugation, p 185. 

Conjunctiva, h 150. 

Connective tissue, H ii, 54, 120. 
Consumption, h 159. 

Convolution, H 126. 

Cooking, H 114. 

Coordination, H 124. 

Copper head, A 145. 

Coral, A 31. 

Coralline, A 31. 

Coral snake, A 145, 146, 

Cork, p 66, 67. 

Corn, p 3, 25, 26. 

Cornea, H 150. 

Corolla, P 133; funnel form, p 138;, 
labiate, P 138; personate, P 139; 
rotate, P 138 ; salver form, p 138. 
Corpuscles, origin of, h 30; red, H 59; 

white, H 59, 60, 65, 68. 

Corset, H 58, 80, 87. 

Cortex, P 44. 

Corymb, p 159. 


Cotton plant, P 7, A 95. 
Cotyledon, p ao. 

Cricket, a 71. 

Cross-fertilization, A 25. 

Crowd poison, h 82. 
Cryptogam, p 176, 180, 183-204. 
Cuckoo, a 179. 

Currant, P 157. 

Cuttings, p 1 2 1, 123, 124. 
Cuttlefish, A 107. 

Cyme, p 159, 160. 

Cypnca, A 10^. 

Cysts, A 13. 

Cytoplasm, ii 6. 

Darwin, A 48, 148. 

Debates, subjects for, H 141. 
Deciduous, p 82. 

Decumbent, p 50. 

Degeneration, H 3, 4 141. 
Dehiscence, p 144, 164. 
Deliquescent, P 51. 

Dendron, H 119. 

Dependent plants, p 106. 
Dermis, H 17. 

Devil’s horse, A 71. 

De Vries, A 148, 224. 

Dextrin, H 112. 

Diaphragm, H 77, 78. 
Dichogamy, p 144. 

Dicotyledon, p 20. 
Dicotyledonous stems, P 61. 
Digestion, P 95, H 89, 96, 100. 
Digitate, p 74. 

Digits, A 222, H 1 1 1. 
Dimorphous, P 144. 

Dicecious, p 138, 170. 
Diphtheria, H 160. 

Diptera, \ 82. 

Disease, defined, H 5. 
Disinfection, H 163. 

Dispersal of seeds, P 172. 
Dis.section, ^ 30. 

Division of labor, a 27, 29, H 8. 
Dodder, p 35, 106. 

Dog, 224. 

Dolphin, A 209. 

Doodle bug, A 91. 

Dorsal, a 43. 

Dove, A 179. 

Dragon fly, A 93 
Drainage, H 158, 16 1, 

Dropsy, H 64. 

Drugs, H 60, 130, 133. 

Drupe, P 168. 

Drupelet, p 168. 
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Duckbill, k 
Dust, H 82, 158. 

Ear, of bird, A 151; of frog, a 13 i; 

of iSsh, A 11s; of man, H 154. 
Earthworm, a *42. 

Ecbinoderms, A 9, 34, 125. 

Ecology, p 14, H 9. 

Economic importance of birds, A 167; 
insects, A 93; mollusks, a 105; 
rodents, a 206. 

Ectoderm, A 26, 87, 

Ectoplasm, A ii, 14. 

Egg, of insect, <Si ;of hen, h 95, 96, 112. 
Elaters, p 198. 

Element, viii. 

Embryo, p 26, 180. 

Embryo sac, p 180. 

Enamel, H 98. 

Endoderm, A 26, 27, 37. 

Endodermis, P 44. 

Endoplasm, A ii, 14. 

Endosperm, p 21, 24. 

Energy, h 96, 140; in ameba, A 12; 

organic, A 2, 3; plant, A 2, 3, 5. 
Entomophilous, p 148. 

Environment, p 6, A 148, h 2, 3, 4, 48.. 
Enzyme, h ioo. 

Epicotyl, p 23, 25. 

Epidermis, of leaf, p 86, 87 ; of man, 
H 17; of mussel, A 98. 

Epigeal, p 23. 

Epiphyte, p 35, no. 

Epithelial, H 12, 54. 

Equisetums, p 201. 

Erect posture, h 3. 

Esophagus, H 74, 10 1. 

Essays, subjects for, h 15, 25, 50, ii6. 
Essential organs, p 135. 

Ethiopian, h 12, 18. 

Evaporation, viii. 

Excretion, a 12. 

Excurrent, p 51. 

Exercise, H 45, 48, 49. 57 » 67. 
Expiration, h 79. 

Explosive seeds, p 172. 

Eye, H 149; of bird, A 150; of frog, 
A 30; of grasshopper, A 67, 79; 
of fish, A III. 

Fainting, H 57. 

Family, a 8. 

Fangs, venomous, A 145. 

Farmers’ bulletins, A 95. 

Fatigue; of muscles, h 45; of nerves, 
H 130, 131, 136. 


Fats, test lexT^ xi. 

Fatty tissue, B 12, 103, 

Feather, A 155. 

Fehling’s solution, xu 

Ferment, H 100, 103, 104, 15^. 

Fermentation, p 190, B 158, 

Fern, p 176. i;.. 

' Fertilization, P 144; cross, p t44f 146 
A 85; self, p i 45 » U 7 » 188. 

Fiber, H 2. 

Fibrin, H 61. 

Fibro-vascular bundles, p 61, 90. 

Field study, p 3, 6, 8, 14, 19, 27, 46 
57* 71* 84, 91, loi, no, 118, 128, 
132, 143, 152, 162, 170, 174, 181. 
A 10, 22, 42, 71, 72, 97, 127, 165 
166, 167, 184. 

Filament, P 135. 

Filter, H 163. 

Fins, A no, 113. 

Flagellum, a 21, 27. 

Flatworm, A 49. 

Flavors, H 142, 147. 

Flea, A 92, 93. 

Flight, of bird, A 157, 175; of moth, 
A 84. 

Floral envelopes, p 133. 

Florets, p 140. 

Flower, p 133, 180, A 85; apctalous, 
p 136; clusters, r 155; compete, 
p 136; diclinous, p 137; double^ 
p 142; imperfect, p 137; incom- 
plete, p 136; lateral, p 136; naked, 
p 136; perfect, P 137; pistillate, 
p 137; regular, p 138; staminate, 
p 137; sterile, P 137; solitary, p 156; 
terminal, p 156. 

Fly, horse, A 81; house, A 92, 93. 

Foliage,. P 16. 

Follicle, P 165. 

Food, H 88; defined, H 114; of birds, 
A 177. 

Food stuffs, H 91. 

Food tube; of bird, A 163 ; of fish, A 116; 
of insect, a 76; of man, h 97; 
of mussel, a 102. 

Foot, H 29. 

Foraminifera, A 15, 18. 

Forestry, p 68. 

Formaldehyde, H 163. 

Formalin, H 93. 

Framework of plant, P 15. 

Frog, A 128. 

Frond, p 176, 178, 181. 

Fruit, p 163, H 95. 

Fucus, P 186. 



Funaria, p ao** 

FunctiOQf A i| 9 * 

Fungi, P 187* 

Fungua, P 107, 184, 187, 195. 

Gametophytc, P *7^, 
GatnopetaloiuUP i34- 
Gamosepalous, p 134. 

Ganglion, A 45, h 120. 

Gaimlionic system, h 127. 

Garbage, H 163. 

O^ric juice, H 103. 

Gastrula, Ay. 

General sensation, h 144, 145. 
Generation of plants, p 16. 

Genus, a 8. 

Geographical barriers, A 14H 
Geotropism, P 44, 47- 
Germination, p 22, 23, 27. 

Gila monster, a 147. 

Gills, of mussel, a 100; of fisli, 

Glands, lymphatic, H 65. 

Gland tissue, h 13. 

Glomerule, p 160. 

Gnawing mammals, a 203. 

Gopher, pouched, a 204. 

Gorilla, a 221. 

Grafting, p 125. 

Grain, H 95, 112. 

Grantia, a 18. 

Grape sugar, x, H 88, 92. 
Grasshopper, A 70. , 

Grit cells, P 67., 

Guard cells, p 88. 

Gullet, H 74, 94, loi. 

Gymnastics, jS 47- 
Gymnosperm, P 26, [70. 

Gypsy moth, A 95. 

Habit, H 131. 

Hairs, p 87, h 19. 

Hands, h 4; defined, A 220. 
Headaches, H 132, 133. 

Heart, human, H 51, 52; insect, \ 
sound of, H 60. 

Heating, h 84. 

Hemiptera, A 82. 

Jtemoglobin, h 59, 81. 

Herb, p 17. 

Heredity, a 147, 153, H 4- 
Hessian fly, a p5. 

Hfil, Dr. L. H., quoted, H 140. 
Hilum, p 21, 26. 

Hip, H 4, P 168. 


Hollyhock, P 147. 

Homology, p 135. 

Horned toad, a 140. 

Host, p 107. 

House fly, A 92, 93. 

Hous' mia, p 107. 

Human spec/es, H i, a 220. 

Hydra, a 22. 

Hydranth, a 29. 

Hydrochloric acid, h 103. 

Hy droid, a 28, 29, 30. 

Hygiene, H 49, 66, 80, 107, 129, 141. 
Hymenoptera, ^ 82. 

Hyphai, p 107, 188. 

Hypoco]^yl, p 22. 

Hypogeal, P 23. 

Hypobtome, a 23. 

Ichneumon fly, A 89. 

Imago, A hi. 

Immunity, H 158, 160. 

I, • A Indehiscent, p 164. 

Indian, h 2. 

Indusium, p 177. 

Inflammation, H 68, 86. 

Inflorescence, P 155, lOo. 

Infusoria, A 16. 

Inhibit, H 68. 

Inorganic, A i. 

Insecticides, A 95. 

Insects, A 73, 75; biting, a 82; classi- 
fied, A 82; sucking, A 82. 

Inspiration, h 77. 

Instinct, A 80, 121 ; H 49. 

Intercostal, 11 77. 

Internode, p 52. 

Intestinal gland, H 104. 

Intestine, h g8, 103, 106. 

Involucre, P 34, 14 *64. 

Iodine test for starch, x. 

Iris, H 143. ^5^- 
Iron, vii, p 39. 

Iron tonics, « 90. 

Isoetes, p 203. 

• Ivory, H 98. 

77; 

Jacana, Mexican, a 178. 

Jay, blue, A 181. 

Jelly fish, A 29, 30. 

Joints, H 29, 35, 36. 

Kangaroo, A 198 
Key fruit, p 164. 

Kidneys, of fish, A 117; of insects, 
A 76; of man, H 26, 27; of mussel. 
A 102; of worm, A 45. 
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KinetoscopC) H 151. 

Labial palpi, a 68, 74, loi. 

Labium, a 68, 74- 
Laboratory, p 3. 

Labrum, A 68, 74. | 

Labyrinth, H 157. 

Lacteal, H 64, 65, 104, 105. 

Lady bug, a 91. 

Lamellibranch, a 107. 

Landscape, p 13. 

Lark, meadow, a 182; sky, A 179. 
Larkspur, p 148, 149. 

Larva, a 81. 

Larynx, H 72. 

Lasso cell, a 34. 

Lateral spinal curvature, H 37. 

Latex tubes, p 67. 

Leaf, apex of, p 80; base of, P 80; 
function of, p 92; margin of, p 80; 
structure, P 86. 

Leaf scar, p 90. 

Leaves, arrangement of, p 82; shapes 
of, p 78, 85. 

Leg, of bird, a 152; of horse, A 2x0; 

of insect, A 74; of man, H 33. 
Legume, p 165, h 95. 

Legume family, 1* 35, 169. 

Lemur, a 220. 

Leoticel, p 89. 

Lepidoptera, a 82, 87. 

Lichens, P 195. 

Ligneous, p 17. 

Lime water, xx, h 70. 

Liver, h 105. 

Liverworts, p 196. 

Lobes of leaf, p 75. 

Lobule of lung, H 75. 

Locule, p 136, 163, 166. 

Loculicidal dehiscence, P 166. 

Louse, A 92, 93. 

Lumber, p 68. 

Lungs, of bird, a 165; of man, H 76. 
Lycopodium, p 204. 

Lymph, H 52, 62, 63. 

Lymphatics, h 62, 63. 

Lymph spaces, h 63. 

Macrospore, p 203, 204. 

Madrcporite, A 35. 

Malaria, h 160. 

Malay, hi. 

Mammal, a 184, h ixi; classihed, 
A 193; defined, A 189. 

Manatee, A aop. 

Mandibles, a 68, 74. 


Mantis, praying, A 3. 

Mantle, A 99. 

Marchantia, p 196. 

Maxillaj, A 68, 74. r 
Maxillary palpi, A 68, 74. 

May beetle, a 90, 91. 

May fly, A 83. 

Measuring worm, A 81, 84. 

Medulla, H 122, 123. 

Medullary ray, P 64. 

Medusa, A 31. 

Mesoglea, A 26. 

Mesophyll, p 86. 

Metamorphosis of insect, A 80, 81, 
82. 

Metazoan, A i. 

Micropyle, p 21, 26. 

Microscope, P 21, 26. 

Microspore, p 203. 

Midrib, P 77. 

Migration of birds, A 171, 173. 

Milk, H 91, 95, 96, 1 12. 

Mimicry, a 146. 

Mind and health, H 129. 

Minerals, xiv, h 90, 91, 93, 95. 

Mint family, P 139. 

Mistletoe, p 109. 

Moccasin, A 145. 

Mold, p 188. 

Mole, A 201. 

Mollusk, A 9, 97, 125. 

Molting, A 69, 174. 

Mongolian, hi. 

Monkey, A 220. 

Monocotyledons, P 20, 25, 63* 
Monoecious, p 138, 150, 170. 
Morphine, H 105. 

Morula, a 7. 

Mosquito, A 92, 93, 96, H 160, 16 1. 
Mosses, P 199. 

Moss, Spanish, p no. 

Moth, A 83. 

Mother-of-peari| A 99. 

Motor, 'cell, H 120; fiber, H 120. 
Mullein, p 87. 

Municipal sanitation, h 162-, 163. 
Muscadine, p 36. 

Muscles, H 39 ; arrangement of, 
H 41; control of, H 39, 44; function 
of, H 39, 43; growth, H 42; kinds 
of, H 39; structure of, H 39. 

Muscles and health, H 45. 

Muscular sense, H 142, 146- 
Muscular tissue, H ii. 

Mushroom, p 107, 194. 

Mussel, A 96, 103. 



Mycelium, to8, iSs. 
Mychorrhiza#? 108. 

Nails, H 19. . ‘ 

Narcotic^ H 137, 148. 

Nasal tone, h 144. 

Natural selection, p S, a 148. 

Nautilus, chambered, a 107. 

Nectar, a 8, p 148. 

Nephridium, a 45. 

Nerve, H 119; spinal, H 127; cranial, 
H 127. 

Nerve cell, H 119; fatigue of, h 130. 
Nerve center, h 117, 120. 

Nerve fiber, h 119. 

Nerve tissue, h ii. 

Nerves, vaso-motor, H 23. 

Nervous children, H 135. 

Nervous system, of bee, a 78; of man, 
H 117; of mussel, a 102. 

Nest building, a 166, 182. 

Neuron, H 118. 

Neuroptera, A 82. 

Neutral substances, ix. 

NiteMa, P 187. 

Nitric acid test for proteid, xi. 
Nitrogen, viii, P 39, 40, k 81. 
Nitrogenous compounds, xi. 

Nodes, p 20, 52. 

Nodules, p 39, 40. 

Nose bleedl^H 52. 

Nostoc, P 784. 

Nostril, bird, A 151 ; of fish, ^112 
Notebo<^s,'P 3. 

NucleSSlus, A 6, H 6. 

Nucleoplasm, ii 7. ^ ^ 

Nucleus, P 144, 185, A 6, II, 

H 6, 18. 

Nutrients, h 91. 

Nuts, p 164, H 95. 

Octopus, A 106, 

Oil gland, h 20. 

Oils, test for, xi. 

Okapi, A 214. 

Oleander, p 86. 

Omnivorous, a 47, h in. 

One-celled animals, a 7. 

Oogonia* P 186, 

Opossum, A 197; H 4. 

Opsonin, h 162. 

Optic nerve, H 151, 152. 

Oral surface, a 35. 

Orang, a 227. 

Orbit, H 149. 

Orchid, p 35, no. 


O^r, A 0. 

Owan, AaI H 9. 

Organic, iiy, a u 
Organism, a i. 

Orthoptera, A 82.** 

Oseillatoria, p 184. 

Osculum, A 18, 

Osier, Dr. William, quoted, H 133. 
Osmosis, p 42, 48. 

Outdoor life, H 5, 22. 

Ovary, p 135, 144, 163, 170, A 25, 
37 , 117 - 

Overgrowth, ) 12. 

Oviduct, a 46. 

Ovule, p 144, 186. 

Oxidation, xii, a 3, 4, 5, h 14, 90, 
91, 120. 

Oxygen, viii, a 4, 5, h 4, 76, 81, 140. 
Oyster, a T04. 

Palisade cells, P 86. 

Palmate, p 74. 

Pancreas, h 104. 

Panicle, p 158. 

Papilla, H 17. 

Pappus, P 141. 

Paramecium, a 13. 

Parasites, p 107, a 49, 93. 

Parent hyma, P 60, 86. 

Partridge, a 178. 

Pearls, a 105. 

Peccary, a 217. 

Pedicel, P 162. 

Peduncle, p 62. 

Peltate, 77. 

Pelvis, H 33. 

14, Pepsin, H 103. 

Perch, A 109, no, 123. 

Perennial, r 17. 

Pericjtrp, p 164, 165, 169. 

Peristalsis, H 102, 106, 127. 
Peritoneum, H 106. 

Pests, insect, a 93. 

Petals, P 134 
Petiole, p 76 
Phagocyte, H 161. 

Pharynx, h 73, 85, loi. 

Pheasant, a 174. 

Phenogam, p 177, 180. 

Phosphorus, vi. 

Photo-synthesis, p 94, roi. 

Phyllotaxy, p 84. 

Physics, xiv. 

Physiology, H 9. 

Pigment, h 18. 

Pine cone, p 27, 170. 
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rinna,, f laj. w 

Pinnate, 74. ^ 

Pinnatifid, p 7^ 

Pista, P 135. 

Plantain, p 157., 

Plant societies, p 9. 
plant^ ut^keness o£^ P 9. 

Plastron, a' 141. 

Pleura, H 76. '* 

Plexus, H laS. 

Plumule, P 30, 23', 25. 

Plur-annual, p ;|[8. 

Pod, p 164. 

Pdjson, H J37. 

t^Pollfen, P 135, 144, 180, A 85, 

Pollen basket, a 88. 

pollination, p 1^4, 145; artificial, p 153. 

Polyp, A 9, 22, 125. 

Polyf^tafbus, ? 134. 

Polysepalous, p 134. 

PolftricJitinij ^199. 

Pome, P 169. 

Portal vein, h 105. 

Portuguese man-o*-war, A 28. 

Posterior curvature of spine, H 37. 
Potato, H 92, 95, 1 12; bug, A 90 
Practical questions, H 50, 69, 87, 112, 
136. ^ 

Primate^, A 220. 

Primitive man, H 3. 

Primrose, p 149. 

Proboscis, of butterfly, A 83, 87 ; 

elephant, a 207. 

Prolegs» A 84, 87. 

Propagation by buds, p 121. 

Prop-roots, p 36. 

Protection of birds, A 171. 

Protective resemblance, a 34, 146. 
Proteid, xt H 88, 91, 92, 94, 95, 96, 104, 
Proter anurous, p 146. 

Proterogynous, p 146. ' * 

Prothallus, p 178, 202. 
l^otoplasm, 3dv, p 4^, 94, 97, 185, 
A 6, It, H si 6, 59, rb6, 

Protozoa, A 7,9, II, 125. 
prufiihg, P 105, 

Pseud-annualrP 17. 

Pseudoneuroptera, a 82. 

Pseudopod, A 11. 

Pleridophytes, p 181, aoi, 303. 

Ptyalin, H too. ^ 

Puffball, P 194. 

'Pulse, ik 55- 
Pure fo&d law, H 03. 

Pylorus, " 

Pyi^' p 


Quarantine, M 
Qu{q:tcr-sawed» p 7 
Quill, A 

Rabbit, A 305, 333. 

Radial symmetry, A 34,*^ 135. 

Ration, daily, H 94, 96. 

Rattlesnake, A 145. 

Reaction, H 151, 152. 

Receptacle, p 134, 163. 

Rectum, A 134, H 97. 

Reflex action, H 131. 

Regeneration of lost parts, A 37. 

Rennin, H 103. 

Reproduction, A 12, 15, 20, 25, 37, 
46, 120. 

Reptiles, A 139. 

Respiration, cellular, H 81 ; human, 
H 70; hygiene of, H 80; in plants, 
p 97, 103. 

Resting spore, P 184, 185, 189, 191, 
192. 

Retina, H 151, 152. 

Rhizome, P 52, 202. 

Rhizopoda, A 16. 

Road runner, A 169. 

Robin, A 183. 

Root cap, p 44. 

Root climber, p 129. 

Root hairs, p 41, 42, 46. 

Rootlet, p 41. ^ 

Root pr^ure, p 99, 194. 

Roots, utnd air, p 41; forms of, p 32; 
function, p 38; structure, p 38, 43; 
systeiT^ P 32- 
Rotifer, a 49. 

Round worm, A 49. 

Ruminant, A 213. 

Rust, P 192. 

Salamander, A 134, 138, 139. 

Saliva, h 96, 100, 112. 

Salt, X, H 93. 

Samara, p 164. 

Sand, xiii. 

Sandworm, A 49. 

Sanitary map, H 158. 

San Jos6 scale, A 95. 

Sap, p 67. 

Saprophyte, P 107^ 108^. 

'<^cab in sheep, a 95. ^ 

Scales, of bird, A^i6i; fish’ A no; 

moth, ^ 

Scallops,, A 104. 

161. 

Scarab, a 90, 91. 
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School an(i health, H Ijs* 

Sclerotic, K 150. 

Scouring rush, p so3* 

ScramWirg, P 1 29- 
Sea, anemone, A 
Sea' fan, a 32, 

Sea horse, A 124. 

Sea urchin, A 38. 

Seed, p 20, 163, 180; coat, p 21. 
Selaginella, p 204. 

Selection, natural, P 8; artificial, p 8. 
Sense, muscular, H 143 J thermic, 

H 142. 

Senses of insects, A 76. 

Sensory, cell, h 120; fiber, h 120, 
121. 

Sepal, p 133, 169. 

Septicidal capsule, P 166. 

Serum, H 61. 

Sessile, p 77- 
Setae, A 43* 4^- 
Sexual selection, A 174- 
Shark, A 121. 

Shelf fungus, P 194- 
Shoes, H 48. 

Shoulder, H 32. 

Shrub, P 19. 

Sick headache, H 133. 

Sieve tubes, p 66. 

Silicic, P 167. 

Silique, P 167. 

Silkworm, a 84, 80, 95. 

Silver scale, A 83. 

Siphon, A joi. 

Siphonoptera, A 82. 

Skeleton, of bird, A 152; cat, A 188; 
frog, A 131; of fish, A 113; man, 
13 28; char> of, a 218. 

Skin, H x6. 

Skull, H 63 ; mammalian, a 194- 
Sleep, H 130. 

Slipper animalcule, a 13. 

Sloth, a 199. 

Slug, a 105.. 

Smell, H 147- 
Snail, A 105. 

Societies, p 9. 

Soil^ P 40, 47* A. 48. 

Soredia, P 196- 
Sori, P i77> ’:92- 
Souring of milk, H 158. 

Spadix, P 140- 

Sparrow, A 182; English, A 170. 
Spathe, P 138, 140. 

Specialization, A 20, 27, 66, 2*0, 

Pt 8. 


Species, A 8. 

Spermary, a 25, 27. 

Spermatophytes, p 180. 

Spicule, A 18. 

Spider, a 94. 

Spike, P 157- 
Spinal cord, H I20, 

Spinal deformities, 37. 

Spine, H 31. 

Spiracle, a 77, 87. 

Spirogyra, p 184- 

Sponges, 17, T25; glass; a 19; horny, 
a 19; limy, A IQ. 

Spontaneous combustioni xiii. 
Sporangium, P 177, 186, 188, 201, 
203, 204. 

Spore, P 176, 178, 1 81, 184, H 159. 
Sporophyll, P 180, 201. 

Sporophyte. P 177- 
Sports, A 148, 224. 

Sprain, H 38. 

Squash bug, A 93, 95. 

Squid, A 106 
Stamen, P 135. 

Starch, x, p 95, loi, H 88, 91. 

Starvation, u 138. 

Stem, P 49; endogenous,? 59; exoge- 
nous, p 61 ; kinds of, P 49- 
Sterilizing wounds, H 163. 

Stickleback, A 119. 

Stigma, P 135. 144, 145- 
Stimulant defined, H 137- 
Stipule, P 76, 84. 

Stock, p 135. 

Stomate, p 87. 

Slone Age, n z* 

Stone fruit, P 168. 

Storage of food, p 99- 
Street cleaning, h 163 
Struggle Uve, p 4, 6, A i47» 

Study, comparative, A 82, 149* *^3 
Style, P 135* 

Sugar, H Qi* too- 
Sulphur, vii.” 

Summer-spore, p 191. 

Sun energy, P 95. A 2, H 91. 

Sunlight, A 2, H 18. 

Survival of fittest, p 7. ^ i47. « 4, 
141- 

Sutures, H 35- 
Swarm-sporest,. i' 186. 

Sw<Sjat gland, H 20. 

Symbiosis, P 196. 

I Sympathetic system, H i37» t*9* 

1 Syngen^sious, g i4*- 
I Synovial fluid, h 36. 
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Tadpole, A 134.. 

Tanner, I)r., h 138. 

Tapeworm, a 49. 

Tarantula, A 94. 

Taste, H no, 143, 0:46. 

Tear gland, h 149. 

Teeth, H 88, 98, 99, in; of frog, 
A 130. 

Teleutospores, p 192, 

Temperature, h 21; nerves of, H 142, 
146. 

Tendon, H 41. 

Tendril, p loi. 

Terrapin, A, 143, 144. 

Thallophyte, p i 81, 184. 

Thallus, p 184, 197. 

Thompson, Sir Henry, on smoking, 
H 87. * 

^Thot^eji; duct, h 64, 65, 105. 

^orns, p 301 . 

Thought questions, H 20, 27, 79, 107, 
109, 116. 

Th5n‘se, P 160. 

Thyroid gland, h 97. 

Tillandsia, P no. 

Timber, decay of, p 195. 

Tissue, H 7, 10, p 60, 62. 

Toad, A 137. 

Toadstool, p 194. 

Tobacco, and heart, H 67; and lungs, 
H 86; and taste, h 148; when enjoy- 
able, H 87. 

Tortoise, A 140, 143, 1^4. 

Torus, p 134, 169. 

Touch, H 145, A 119. 

Toxin, H 160, 161. 

Toyi Niku, Madame, quoted, h 141. 
Trachea, H 74. 

Tracheid, p 65. 

Transpiration, p 98, 103. 

Trap-door spider, a 94. 

Tube feet, a 35. 

Tuberculosis, h 5, 160. 

Tumble bug, a 90, 91. 

Turtle, A 140, 143, 144- 
Twiners, p 129, 131. 

Typhoid fever, h 159. 

Umbel, p 359. 

Umbo, A 98. 

Undergrowth, p 12. 

Ungulate, A 212. 

Urea, H 94. 

Uric acid, H 114* 

Urinary tubule, H 27, 


Vacuole, A 11, 12, 14. 

Valve, P 164, H 51, 53, 57. 

Vampire, A 203. 

Variation, A 147, p 2. 

Variety, a 8. 

Vaso-motor nerves, H 23, 68. 

Vaucheria, p 186. 

Vegetables, H 95, 112. 

Venomous snakes, A 143. 

Vent, A 42. 

Ventilation, H 71, 82, S3. 

Ventral, A 43. 

Ventricle, H 53. 

Vermes, A 9, 125. 

Vermiform appendix, H 4, 106. 
Vertebra, H 71, 82, 83. 

Vertebrates, A 9, 125. 

Vertebrate skeletons, A 218. 
Verticellate, p 84. 

Vestigial organs, n 106. 

Villi, H 104, 

Vinegar, H 94. 

Viscera, h 127; of bird, A 163. 

Vitreous humor, h 152. 

Voluntary act, h 122, 124. 

Warning sound, A 147. 

Wasps, digging, A 89. 

Water- pore, P 88. 

Waterworks, il 163. 

Weevil, A 90, 91, 96. 

Whale, A 208. 

Wheat rust, p 392. 

White corpuscles, h 59 ; origin of, 
h 6 i; work of, h 60, 161, 162. 

White weed, or ox-eye daisy, p 155. 
Whorled, P 84. 

Willow mildew, p 190. 

Wind travelers, p 173. 

Wings, of grasshopper, a 67; of bird, 
A i 53 » 158. 

Woodpecker, A 180. 

Woody fiber, P 17. 

Worms, A 42. 

Wounds of plants, p 56. 

Written exercises, H 15, 50, 116. 

Yeast plants, p 390, h 158. 

Yellow fever, h 160. 

Yellow spot, 11 151. 

Zoology defined, a I. 

Zoophytes, a 
Zygnema, P 185. 

Zygospore, p 185, 189, 181, 189. 



LESSONS IN HYGIENIC PHYSIOLOGY 

By W. M. Coleman. x + 2yi pages, 198 illustrations (16 colored^ 
13 full-page plates). 60 cents net. 

In Lessons in Hygienic Physiology the study of physiology 
is simplified without weakening the presentation of its three 
essential principles — the biological principle of environment, 
the chemical principle of oxidation, and the physical principle 
of energy. The subject is approached throughout from the 
standpoint of health, because this is the most useful as well as 
the most interesting point of view. The question of temper- 
ance is treated fully, but at the same time in a conservative 
manner. The book is fully illustrated, one hundred and ninety- 
eight figures being furnished, sixteen of which arc colored. 
The Lessons is suited to the needs of teachers who may find 
the Elements somewhat too advanced for their classes. 


ELEMENTS OF PHYSIOLOGY 

By W. M. Coleman, xii + 364 pages. A very full course in Physiology 
and Hygiene. Profusely illustrated in black and white and in 
colore. 90 cents net. 

This book has an exceptionally large number of illustrations 
— two hundred and forty-eight, of which eight are full-page 
colored plates. The need for a compound microscope is 
largely obviated by sixty microscopic views of cells and tissues. 
The Elements is provided with a Colored Manikin arranged to 
show every important organ in its natural position with refer- 
ence to the organs before it, behind it, and around it. Since 
every pupil has the manikin while studying each lesson, it is 
really more serviceable than the manikins usually found in 
schools. This book contains twenty-five Thought Lessons 
of about ten questions each, logically developing different 
lines of thought ; also three hundred questions in Applied 
Physiology. 
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Sixty-four and Sixty six Fifth Avenue, New Tork 



BOTANY 

An Elementary Text for Schools. By L, H. Bailey, Director of the Col- 
lege of Agriculture, and Professor of Rural Economy in Cornell 
University. Revised and enlarged Illustrated. i2mo. Half 
' - leather, xiv + 355 pages. |l.io net. 

The subjects treated are^ fotar in number : the nature of the 
pknt itself, the relation of the plant to its surroundings, the 
minute structures of plants, and the determination of the kinds 
of plants. .Each of these subjects is practically distinct, so that 
the teacher may begin where he will. 

The five hundred illustrations in the book are an important 
a-S well as an attractive feature. They are not pictures merely 
— they are illustrations of the subject-matter ; many of them 
are reproductions of photographs, 

A flora containing descriptions of more than six hundred 
common wild and cultivated plants, with keys to the natural 
orders, completes the book. 


LESSONS WITH PLANTS 

Suggestions for Seeing and Interpreting Some of the Common Forms of 
Vegetation. By Professor L. II. Bailey. Illustrated. i2mo. 
Half leather, xxxi + 491 pages. $i,io net. 

The book is based upon the idea that the proper way to 
begin the study of plants is by means of plants, instead of 
formal ideas or definitions. Instead of a definition as a model 
telling the pupil what he is to see, the plant shows him what 
there is to be seen, and the definition follows. In this way the 
pupil soon begins to generalize, and the conclusion reached is 
the true definition. 


THE MACMILLAN COMPANY 

Sixty-four aud Sixty-six Fifth Avenue, New York 








